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I. OBJECTIVE, SIGNIFICANCE, AND METHODOLOGY 
A, Objective, Definitions, and Implications 
1. The objective of this study 
The objective of this econometric investigation is an 
explanation of the cattle cycle in the United States and three 
selected regions. The objective is accomplished by specifying 
and estimating policy models of the cattle cycle and by test­
ing hypotheses about their parameters. Several simultaneous 
equation models of the form defined in the next subsection are 
constructed for each area.^ 
The term "cattle cycle" now is used to refer to the in­
ventory numbers of cattle (Breimyer, 1955» P* 2).^ In this 
dissertation, it is used as a generic term which includes 
three groups of cycles. These are; A) the cattle inventory 
cycle; E) the cattle price and income cycle; G) the cattle 
slaughter and import cycle. Attention is focused on Group A, 
the cycle of the annual inventory numbers in four classes of 
cattle on farms. The word "cycle" may or may not refer to 
iThe term "area" refers to either the United States as a 
whole or to any one of three selected regions. 
^The terms in parentheses refer to the author, the time 
of publication, and page number, respectively, in the bibliog­
raphy. Tables and figures are numbered consecutively through­
out the entire thesis. Equations are numbered consecutively 
within each chapter and appendix. 
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fluctuations of approximately constant period and amplitude. 
Following the parlance generally accepted in economics, 
"cycle" is just a synonym for "fluctuations". 
Annual time series for the periods 1925 to 1962 and 1925 
to 1963 (Chapter II) are used for the national and regional 
analyses, respectively. At the national level, 12 equations 
of a simultaneous equation model explaining 12 variables of 
the above groups of cycles are estimated with two-stage least 
squares (Chapter III). For Hegions I (Western States), II 
(West North Central States), and III (East North Central 
States), only three inventory variables of Group A are ex­
plained (Chapter IV). 
We derive numerical estimates of the elements of the 
coefficient matrices Ç and B of the simultaneous equation 
model defined below which are not specified to be zero on an 
a priori basis. Since cyclic fluctuations of the "explained" 
variables are of special interest in this study, much atten­
tion is given to an investigation of a possibly cyclic be­
havior of (l,.e. nonlinearities in) the parameters. Changes in 
selected parameters between upswing and downswing are hypoth­
esized. Linear estimation and ordinary testing methods are 
applicable because these nonlinearities in the parameters are 
analyzed by means of dummy variables. 
We also determine the elements y^ift) (m'=l,...,M) for a 
given t of the column vector ^ (t) of endogenous or jointly 
3 
dependent variables for each selected area. Furthermore, we 
ascertain the elements x^(t) (k=l,...,K) of the column vector 
x(t) of lagged endogenous and exogenous or predetermined vari­
ables . 
In this study, we construct econometric models which are 
a prerequisite for a future investigation of the possibilities 
of applying quantitative economic stabilization policy meas­
ures^ to the cattle-producing industry of the United States. 
On the basis of such models, one might investigate policy in­
struments which could be employed to stabilize the prices 
and/or the supply of slaughter cattle or other variables re­
lated to the cattle-producing sector. The present study, how­
ever, is positive in contradistinction to normative (Friedman, 
1953)• Furthermore, there is no extremization of an economic 
objective function. 
We do not claim that we attain a high degree of perfec­
tion. However, we hope to construct models that contain a 
structure which approximates reality to a degree sufficient 
for the practical purposes of the investigation. According to 
Koopmans ( 19.53b, p. 46), this is the hope of a model builder. 
lon economic stabilization see, for example, Sengupta et 
al. (1964, pp. 252-271), Allen (i960, pp. 268-279, 308-3IO), 
Theil (1964), and Tinbergen (1952, 1954, 1956). 
k 
2. Definition of a simultaneous equation model 
a. Structural equations We consider an economic 
theory or model that has the following structural form (Gold-
berger, 1964, pp. 294 ff.):^ 
ciiyi(t) + .. .+cjijiyi,j(t)+biiXi(t) + .. .+b^lXj^(t)+Ui(t) = 0 
( l « l ) «  •  #  *  #  «  
c 11/^ 1 ( t ) +... fc^ y^^  ( t ) +bi%xi ( t ) +... +b%MX%( t ) +U]y^  ( t ) = 0 
for t=l,...,T, where 
yj]ji(t) is the tth observation on the m'th jointly 
dependent variable (m*=l,...,M); 
z^(t) is the tth observation on the kth predetermined 
variable (k=l,. 
Cjjjijjj is the coefficient in the mth structural equation, 
of the m'th jointly dependent variable y^ift), 
(m,m'=l,...,M); 
^km the coefficient in the mth structural equation of 
the kth predetermined variable z^ft) (k=l,...,K; 
Uj[j(t) is the unobserved disturbance at the tth observa­
tion in the mth structural equation (m=l,...,M). 
^Throughout this study, we adopt the notation used by 
Goldberger (1964). Only the letters of the Greek alphabet are 
replaced by the corresponding letters of the English alpha­
bet . 
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In matrix notation the model formulated in 1.1 is as 
follows; 
(1.2) 2'(t)C + x'(t)B + u'(t) = o' (t=l,...,T), 
where 
Oil -. .CiM 
C = . . 
CMI • • • CMpj 
is the MxM matrix of coefficients of the Jointly dependent 
variables, each column of which refers to a single equation; 
B = 
)11 .. # b IM 
^Kl-•'^KM 
is the KxM matrix of coefficients of the predetermined vari­
ables, each column of which refers to a single equation; 
l'(t) = [yi(t) .. .yjv|(t)] is the IxM row vector of the tth ob­
servations on the jointly dependent variables; x*(t) = [x]_(t) 
...xj((t)] is the IxK row vector of the observations on the 
predetermined variables; u*(t) = ^UQ_(t) .. .Uj^Ct^ is the IxM 
row vector of the tth (unobserved) values of the disturbances; 
and o' is a IxM vector of zeros. 
Note that 1.2 refers to only a single joint observation. 
To write the system in terms of all the observations, we de­
fine 
Y = 
'r(t) 
r(T) 
y^d).. .yjj(l) 
yi(T)...yjî(T) 
It Is the TxM matrix of observations on the jointly dependent 
variables. 
P" *1 
x^d).. .%K(1) 
X = 
1—1 , M
l 
•
 
• 
x' (T) Xi(T).. .X2^(T) 
It Is the TxK matrix of observations on the predetermined 
variables. Note that Y and X each stand for a group of time 
series data discussed In Chapter II. We further define 
U = 
u' (1) 
u' (T) 
Uq^ ( 1 ) ... Ujj ( 1 ) 
u^(T) .. .uj4(T) 
the TxM matrix of values of the disturbances. 0 is a TxM 
matrix with zero entries. With these definitions the struc­
tural form may be written compactly as 
(1.3) ÏC + M + U = 0 • 
In the structural form - 1,2 or its equivalent expres­
sions 1,1 and 1.3 - the system of equations as a whole repre­
sents the behavior of endogenous variables related to the 
cattle-producing sector. In each structural equation several 
dependent variables may appear. Hence, the equations reflect 
the interdependencies among variables. 
b. Reduced-form equations To bring out the explicit 
dependence of the dependent variables on the predetermined 
variables and the disturbances, we solve the structural form 
into the reduced form. 
The reduced form is obtained by postmultiplying 1.2 by 
(the existence of which is assumed) and rearranging. It 
is 
(1.4) %'(t) = x'(t)(-BC"l) + u'(t)(-Ç"l) 
= x'(t)P + v'(t) (t—1f...,T), 
where P = -BC -1 _ 
Pll'•-PlM 
PKI' • 'Pm 
is the KxM matrix of reduced-form coefficients, each column of 
which refers to a single equation, and v*(t) = -u'(t)C"^ = 
^v-j_( t)..Vjvj(t)| is the IxM row vector of the tth value of the 
reduced-form disturbances. 
The distinctive feature of the reduced form is that in 
each of its equations only one dependent variable appears. 
This contrast with the structural form is made explicit if we 
write 1.4 algebraically, analogously to 1.1: 
yi(t) = PiiZi(t)+...+PKiZK(t) + v^ft) 
(1.5) • • • • 
y^ft) = PlM%i(t)+...+PKM%%(t) + v^ft) 
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for t=l,...,T. It is to be noted that 1.4 and 1.5 refer to a 
single joint observation. To write the system compactly in 
terms of all observations we define the matrix V as 
V]_(l) . . .Vjyj(l) 
V = 
'v'(l)" 
r  
V '  (T) 
= -UC"! , 
v-J^CT) •. .Vjj,J(T) 
the TxM matrix of values of the reduced-form disturbances. 
With this definition, the reduced form may be written compact­
ly as 
(1.6) 1 = ^  + 1, 
the tth row of which is 1.4. 
Each reduced-form coefficient is in general a function of 
all the structural coefficients in a column of Ç and in a row 
of B. This is made clear if we write P = -BC~^: 
(1.7) 
Pll-•-PlM 
D 
K1 KM 
^11*•"blM 
\l* * 
cll...clM 
.Ml .MM 
where c 
^-1 
m'm is the element in the m'th row and mth column of 
Thus we see for a reduced-form coefficient that 
•,M ,m'm (1-8) Pkm =-Sn.=i V' 
Each reduced-form disturbance is a linear function of all 
the contemporaneous structural disturbances, that is 
9 
(1.9) Tm(t) = 0%'% u^,(t) . 
0. Stochastic specifications The structural dis­
turbances, also called shocks or errors in the equations, are 
assumed to be generated by a stationary multivariate stochas­
tic process^ with 
(1.10) Eu(t) = o (t=l,...,T) or EU = Q , 
that is, each disturbance vector has a zero expectation, or 
Eu^(t) = 0 for all m and t; 
(1.11) Eu(t)u'(t) =S (t=l,...,T) , 
where S is an MxM nonnegative definite matrix. This means we 
assume that the contemporaneous covariance matrix of the 
disturbances in the different equations is the same for all 
t, or EUjji(t)Ujjji (t) = Sjmjji for all t. In other words, we 
assume homoscedasticity. However, we do not assume that S is 
diagonal. Furthermore, we assume that the disturbance vector 
is temporally uncorrelated meaning that all lagged covari-
ances between disturbances in the same or different equations 
are zero, i.e., Eu^ftju^,(t*) is zero for all m, m', t, t' 
with tj^t'. In matrix terms, this is 
(1.12) Eu(t)u'(t') =0 (t,t'=l,...,T; ) . 
Note that these assumptions imply that the sample vari­
ances and covariances have as their probability limits the 
lon stochastic processes see, for example, Parzen (1962) 
and Dobb (1952). 
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corresponding population parameters. 
We also assume that the predetermined variables are gen­
erated by a stationary multivariate stochastic process with 
nonsingular contemporaneous covariance matrix that any 
dependence in the process is sufficiently weak so that 
sî -, x(t) x'(t) -, 
(1.13) Pllm ^ = % or plim 
that the process generating the predetermined variables is 
contemporaneously uncorrelated with the process generating the 
disturbance, i.e., Ex(t)u'(t) = Ex(t)Eu'(t) = 0; that any de­
pendence in each of the processes is sufficiently weak, thus 
St=i x(t) u'(t) -, 
(1.14) plim : =0 or plim T~ X'U = 0 , 
lye., plim t)Ujjj(t)/T = 0 for all k and m. Assumption 
1.14 indicates that the predetermined variables are not deter­
mined by the system at time t and, hence, are not dependent on 
the disturbances at time t. 
Modifications of some of these assumptions are possible. 
They can be found, for instance, in Goldberger (1964, p. 30I). 
Since the reduced-form disturbances are linear combina­
tions of the structural disturbances, their properties can now 
be derived as follows: 
(1.15) Ev(t) = E[-G'"^u(t)j = -C*"^Eu(t) = 0 (t=l,...,T) 
or EV = 0 , 
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l^e., each reduced-form disturbance vector has a zero expecta­
tion, or EVjjj(t) = 0 for all m and t; 
(1.16) Ev(t)v'(t) = E[(-G*"^)u(t)u'(t)(-C"^)j 
= C'"^£u(t)u'(t)C"^ 
= G'"^SC"^ = g (t=l,...,T) 
where ^  is an MxM nonnegative definite matrix. This specifi­
cation amounts to the assumption that the contemporaneous 
covariance matrix of the disturbances in the different equa­
tions is the same for all t, or Ev^ftjv^.ft) = q for all t, 
, ^ qM • „im_ _i'm' 
^'^Gre - &!=! ^ i«=i ° ®ii«° 
(1.17) Ev(t)v'(t') = E^-Ç'-I)u(t)u'(t')(-Ç"l^] 
= Eu(t)u'(f)Ç"^ 
= 0 (t',t=l,...,T; t^t') , 
^.e., the reduced-form disturbance vector is temporally uncor-
related; all lagged covariances between disturbances in the 
same or different reduced-form equations are zero, or 
Ev%(t)v^,(t') = 0 for all m, m', t, t* with t^t'. This will 
again imply that, under general conditions, the sample vari­
ances and covariances of the reduced-form disturbances have as 
their probability limits the corresponding population para­
meters. The predetermined variables will also be contempo­
raneously uncorrelated with the reduced-form disturbances. 
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3. Further specification of the objective and implications 
a. General remarks In this subsection, we further 
specify the objective of this study. We also point out some 
implications of this specification for the type and the qual­
ity of the emnirical results obtained. The discussion is 
centered around the following points; macroeconomic models, 
partial or sectorial models, nonlinear models with linear esti-
mability, dynamic models based upon annual time series, and 
policy models. 
b. Macroeconomic models Macroeconomic models consist 
of macrovariable s (including the macro error terms) and macro-
parameters. The macrovariable s result from aggregation over 
one or more dimensions like individual firms, various classes 
of a commodity, and over time. Hence, the macroparameters 
connecting these aggregates are also aggregates. 
There are basically two approaches to aggregation (alien, 
i960, p. 696). One approach, advocated by Klein (1946a, 
1946b), concentrates on the consistency of an exact macrorela­
tion with given microrelations by choice of an appropriate 
aggregation. It takes as given certain microrelations pro­
posed by economic theory and an exact macrorelation of corre­
sponding form and asks what aggregation from micro- to macro-
variables is consistent with this setup. The other approach, 
called analogy approach, is based on the statistical fitting 
of a macrorelation to the given aggregates from given micro-
13 
relations. In this approach, Theil (19^4b) replaces the re­
quirement of consistency, which can not be attained in the 
usual case, by a statistical criterion for the appropriateness 
of fitting a macrorelation by statistical methods. The macro-
parameters are of statistical (rather than exact) form; they 
are interpreted as the expectation (i..e. the mean value) of 
the estimates (Theil, 1954b, p. 13^). 
"True" macroeconomic theories or models postulate that 
the macrovariables are connected by macrorelations or macro-
equations, which, in turn, are specified by a number of macro-
parameters (Theil, 1954b, p. 2; Koopmans and Bausch, 1959» P. 
80), For lack of "true" macrotheories, macrotheories are de­
rived from microtheories by means of analogy considerations 
(Theil; 1954b, p. 6). The variables and parameters of micro-
theories are translated into macrolanguage. For example, if 
the microtheory of production tells us that a firm's demand 
for a certain input depends upon the quantity produced, the 
analogous macrotheory is usually given in the form: total 
demand for the input depends upon total production. The 
realism of such constructions is closely connected with the 
empirical validity of the "real" or basic microtheory (Theil, 
1954b, p. 1?7; Allen, i960, p. 694). Their purpose is, of 
course, to allow us to derive from microtheory the implica­
tions of changes in the macrovariables and macroparameters for 
microvariables and microparameters, and conversely. 
Ik 
The principal merit of the analogy approach is its sim­
plicity. Its weaknesses are numerous; they, to some degree, 
depend upon the type of model. Their importance in a single 
equation model is generally smaller than in a system of simul­
taneous equations but it is still considerable. Some of the 
shortcomings of the analogy approach and their implications 
are as follows (Theil, 1954b, pp. 133 ff•)î 
In a single equation macromodel it _appears that, in gen­
eral, a macroparameter depends upon all microparameters. More 
specifically, a macroparameter is equal to the sum of the 
weighted averages of the microparameters. An example illus­
trates this point. 
Suppose the number of calves kept as young 
heifers, is a linear function of x^^(t), the number of calves 
on farms, and of the lagged price of slaughter cattle 
received by farmers, that is 
(1.18) yi2o(t) = bo + + e(t) , 
where b^, b^g, and b^^ are macroparametersThe correspond­
ing micro variable s and microparameters are y^gQ j_(t), j^(t), 
%94,i(t), bo,i, b56,i: ^94,1, respectively, for i=l,...,N 
(N is the number of cattle-producing firms in an area). The 
macro inventory parameter b^5, for example, depends not only 
upon the micro inventory parameters b^6,i (i=l,...,N), which 
^The errors in the equation are omitted. 
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correspond to in their economic meaning, but also upon the 
noncorresponding micro price parameters b^^^i and micro inter­
cept coefficients bQ^j_ (1=1,..,,N). Specifically, the macro 
inventory parameter b^5 is equal to a weighted average of the 
corresponding micro inventory parameters ti^6,i Plus weighted 
averages of the noncorresponding micro price parameters b^^,! 
and the micro intercept coefficients bg^i (i=l,,,.,N). The 
sum of the weights belonging to the corresponding micropara-
meters is equal to unity, whereas it is zero for the weights 
belonging to the noncorresponding microparameters. This may 
create the Impression that the influence of the noncorrespond­
ing microparameters will be small. As Theil (1954b, p, 13^) 
points out, this is not always correct. The danger of a dis­
turbing effect of the noncorresponding microparameters should 
not be underestimated if they are quantitatively much more 
important than the corresponding ones. 
Another weakness of the analogy approach is the possibil­
ity that macroparameters change in the course of time even if 
the underlying microparameters remain constant. This lack of 
a stable one-to-one correspondence between the macroparameters 
and the microparameters is due to the fact that the weights 
which connect them depend on the behavior over time of the ex­
planatory microvariables. If this behavior changes, one must 
generally expect that the macroparameters will change too. 
Contradictions between the microtheory and the macro-
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theory may also arise. The effects of a certain change in an 
explanatory macrovariable on the dependent macrovariable can 
be measured in two different ways, namely directly via the 
macroequation (i.e. by means of the macroparameter), and in­
directly via the microequations (i.e. by means of the micro-
parameters). In the latter case it has to be specified how 
the change in the macrovariable is composed of changes in the 
corresponding microvariables. Different compositions lead in 
general to different effects upon the dependent macrovariable. 
But the purely macroeconomic way is of course not character­
ized by such a variability. Therefore, contradictions must be 
expected in cases of "actual" aggregation (Theil, 1954b, p. 
135). However, in cases of "perfect" aggregation, these con­
tradictions can be avoided in theory (Theil, 1954b, p. 172). 
("Perfect" aggregation is a method of aggregating microrela­
tions such that certain desirable properties are obtained 
(Theil, 1954b, p. 133))• In empirical work, however, "per­
fect" aggregation is usually infeasible because the data re­
quirements are so stringent as to be hardly satisfiable. 
In case of y system of structural equations, the analogy 
approach becomes even more complicated. For example, it 
appears that a parameter of a macro structural equation is 
dependent upon the parameters of the noncorresponding micro 
structural equations (Theil, 1954b, p. 139). The relations 
between microparameters and macroparameters also vary in 
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complexity depending upon whether an equation is just iden­
tified or overidentified and whether or not we confine our­
selves to a single equation of a system of equations. 
In conclusion, caution has to be exercised in the inter­
pretation of the implications for microeconomic units of 
macroeconomic models and vice versa. In particular, rejection 
of the estimate of a macrocoefficient because of a "wrong" 
sign in terms of an analogous microtheory may be premature. 
Work with macroeconomic models is in spite of many imperfec­
tions Justified if these models serve important purposes and 
if there are no other means to serve them better (Theil, 
1954b, p. 178). 
c. Partial or sectorial models The econometric 
models developed in this study are partial or sectorial models 
dealing with only the cattle-producing sector of the U.S. 
economy. They are characterized by, among other things, the 
definition of some variables as exogenous variables which are 
endogenous ones from the standpoint of the economy as a whole. 
In other words, in investigating the cattle-producing sector 
we assume that some economic variables affect the endogenous 
variables of the cattle-producing sector but are not themselves 
influenced by these endogenous variables (Koopmans et al., 
1950, p. 56). Because of the general interdependence of eco­
nomic variables, truly exogenous variables are most likely to 
be found only among noneconomic phenomena like temperature and 
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rainfall. Most exogenous variables employed in-this study are 
only approximately exogenous to the cattle-producing sector. 
Hence, in making the assumption of exogeneity, we commit a 
specification error. 
The effect of this approximation upon the consistency of 
the parameter estimates of partial econometric models was in­
vestigated by Fisher (1961a, pp. I6I-I68). He concludes that 
the inconsistencies in the estimates of parameters will be 
near zero if the following conditions are satisfied; all 
a priori restrictions are close approximations; omitted ex­
planatory variables have small coefficients and the endogenous 
variables have negligible direct and indirect effects upon the 
assumed exogenous variables of the partial model. 
As for negligible indirect effects, this implies that the 
endogenous variables of the partial system have a negligible 
effect upon a set of variables which in turn are the explana­
tory variables for the exogenous variables of the partial 
model. For example, negligible estimation inconsistencies 
will result if the number of cattle slaughtered has a negli­
gible effect on economic activity of the non-cattle-producing 
sectors of the economy. In this example, it is assumed that 
the number of cattle slaughtered is an endogenous variable of 
the partial system. Furthermore, an indicator of economic 
activity in other sectors is assumed to serve as an explana­
tory variable for disposable consumer income. The latter 
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variable in turn is taken as an exogenous variable of the 
partial model of the cattle-producing sector. 
It should be noted that Fisher's study deals with only 
the effects upon consistency of estimators derived from 
approximate specifications. Other desirable properties of 
estimators (Mood and Graybill, I963, pp. I67 ff.) may be 
affected differently. However, consistency possesses special 
importance in this study because the sample size of the data 
used may be considered already large. 
d. Nonlinear models with linear estimability All 
models constructed in this study are linear in the variables. 
However, most of them are nonlinear in selected parameters. 
But even if they are nonlinear in some parameters, the non-
linearities are of a type such that linear estimation methods 
can be applied in all cases. Before discussing these non-
linearities and their implications, we explain briefly the 
functional differences between linearity and nonlinearity in 
the coefficients. 
Linear coefficients in an equation with nonlagged vari­
ables transmit to the dependent variable fluctuations of one 
of these variables with the proportion of the amplitudes equal 
to the size of the coefficient of the fluctuating variable; 
phase and period remain unchanged. For example, under the 
above assumptions the sinusoidal fluctuations of any one exo­
genous variable cause fluctuations of the dependent variable 
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that are also sinusoidal and of the same frequency and phase 
but of a different amplitude. (The amplitude remains un­
changed in the special case where the size of the coefficient 
is equal to one.) If there are also lags, the phase is also 
different, but this difference remains constant throughout the 
fluctuations, the reason for this constancy being the con­
stancy of the parameter involved. 
In the nonlinear parameter case, the coefficient is a 
function of another variable like time. The changes in this 
parameter make for changes in the response, which is constant 
in the linear case.^ 
The nonlinearities in selected coefficients of some of 
the models constructed and presented in this study are intro-
2 duced by means of dummy variables. These nonlinearities con­
sist of abrupt changes in one or more coefficients at the 
turning points of the series on the inventory of all cattle 
^On the theory of linear models in general see, for 
example. Gale (I96O), Allen (I96O), and Kuenne (I963); on 
linear models with sinusoldally fluctuating variables sec 
Allen (i960, p. 116, p. 738); on linear models in the frame­
work of econometrics see, for example, Goldberger (1964), 
Tlntner (1952, I96O), and Valavanis (1959)» The latter work 
also contains easily understood economic interpretations of 
the components of mathematical models. An interesting study 
of linear and nonlinear economic models as seen by an elec­
trical engineer is available in Tustln (1953)-
2on dummy variables see, for example, Goldberger (1964, 
p. 218), Johnston (I963, p. 221), and Tomek (I963). 
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and calves, x^^(t). Gradual changes in the parameters would 
most likely be more realistic than sudden changes. In the 
cattle-producing industry gradual parameter changes may come 
about as follows: 
A single cattle grower's reaction to the same changes of 
economic conditions occurring in each period of a cycle may be 
dependent upon the particular phase of a cycle. It is hypoth­
esized that U.S. cattle producers show response to some eco­
nomic changes which differs between the Inventory expansion 
phase and the Inventory contraction phase of the cattle cycle. 
These gradual changes are believed to possess a higher rate of 
change in the neighborhood of the turning points^ of the cycle 
than during other phases. For example, it is hypothesized 
that individual farmers shift from a state of optimism about 
the profitability expectations for the cattle enterprise 
during the expansion phase to pessimism during the contraction 
o 
phase.^ 
The changes in some macrocoefficients are believed to be 
caused also by changes in the number of cattle growers re-
^On turning points see, for example, Ikerman (I96O, p. 
142, T), 152, D. 190), Lutz and Lutz (1951» o. 52), Tlnbergen 
(1938» pp. 32-33)» and Tlnbergen and Polak (I950). For a 
survey on some business cycle theories see, for example, 
Allen (i960); see also Duprlez (1959)» Gordon (1952), Haberler 
(1955)» Hicks (1950), Tlnbergen (1951)» Smithies (1951)» and 
Adelman (I960). 
^Walters (I965, p. 10), for.example, uses the terms "spon­
taneous optimism" and "simultaneous pessimism", respectively. 
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spending to changes in economic conditions. 
Theoretically, gradual parameter changes can be taken 
into account.^ Computationally, however, such nonlinearities 
2 
can not be handled easily. 
A sufficient approximation to gradual parameter changes 
can be achieved by introducing more than one dummy variable 
for each changing parameter. The advantage of this procedure 
is that the relatively simple linear estimation methods are 
still applicable. Its disadvantages are the loss of several 
degrees of freedom and the relatively low probability of ob­
taining statistically significant estimates of the various 
parameters. For the latter two reasons, we restrict ourselves 
to working with one dummy variable for each coefficient about 
which changes are hypothesized. 
e. Dynamic models based upon annual time series The 
analysis of the cattle cycle requires the use of time series. 
However, annual data set rather severe limits to the formula­
tion of the problem and, hence, to its solutions. 
According to Baumol (1959» P» 4), economic dynamics is 
the study of economic phenomena in relation to preceding and 
succeeding events. It deals with, among other things, lags 
and leads. (Since leads may be interpreted as lags, we do not 
^See, for example, the work of Goodwin (1951b), which has 
been restated in a simplified form by Allen (I960, p. 247). 
2see, for example, Hartley (I96I) and Hurwicz (1950a). 
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have to treat them separately.) The time paths followed by 
the variables of the model depend on the particular forms of 
the time lags.^ In time series or period analysis, a lag is 
a fixed-time delay of T periods, where the time-constant of 
the lag T is a positive integer. Hence, annual time series 
have the disadvantage of not allowing the employment of lags 
the length of which is less than one year. The types of lags 
that can be built into a model may therefore be only rough 
approximations to economic reality. 
Another shortcoming of models based upon annual time 
series is their not allowing the derivation of values of 
variables for a period shorter than a year. Observation 
points for several consecutive years may be interpolated in 
many different ways. In more technical terms (Nerlove, 1964, 
p. 250), this means that harmonic components of the time 
series with periods shorter than twice the period of observa­
tion, or with frequencies that are in absolute value greater 
than one-half cycles per period, cannot be discerned directly. 
Consequently, no quarterly or monthly values of variables can 
be derived directly. The derivation of such short-period 
values, although not a stated objective, would be a useful 
by-product of this study. 
Ipor a survey of these forms and further references see 
Allen (i960, p. 23). On dynamic properties of an econometric 
model see, for example, Goldberger (1959)• 
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f. Policy models The ultimate purpose of our models 
is their use in economic policy. Hence, it is necessary to 
construct policy models. They should predict vrell like any 
other type of model and should, in addition, have structural 
significance (Sengupta et , 1964, p. 426). This means that 
policy models should predict the quantitative effects of 
policies which have not been subject to change in the past, or 
which have not changed enough or independently enough to allow 
a forecast to be made from a regression on past experience 
(Koopmans, 1957s P» 202). 
Economic reasoning that suggests the choice of variables 
and the form of the behavior relationships often suggests 
which of the relationships are changed by given policies. 
It frequently suggests in which direction and sometimes also 
by how much these relationships are shifted or otherwise 
modified. But there is no way of tracing such knowledge 
through to its quantitative consequences for the economy as 
a whole or, as in this study, for a sector thereof except on 
the basis of estimated structural equations that represent 
the behavior of the relevant parties involved. 
B. Significance of this Study 
1. General remarks 
This econometric study of the cattle cycle, with emphasis 
on the cattle inventory cycle, is significant if the fluctua-
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tions of at least some of the relevant variables are undesir­
able in certain respects and if it provides means to do some­
thing about them which are not available from previous 
studies. 
One reason for such an undesirability of fluctuations 
could be the impossibility to attain satisfactory levels of 
allocative efficiency in the cattle-producing, cattle-trading 
and meat-processing industries under fluctuating conditions.^ 
Another reason could be the fluctuations of farm income from 
cattle and calves. In the next two subsections, we restrict 
2 
our discussion to the problem of allocative efficiency. 
Previous work is briefly reviewed in Subsection 4. 
^The term "allocative efficiency" is taken here as de­
fined (in the static sense) by, for example, Koopmans (-1951a-» 
pp. 79 ff.; 1951b; 1953a) and (in the dynamic sense) by 
Dorfman et (1958» P« 282). An attainable point in commod­
ity space is called efficient (in the static sense) whenever 
an increase in one of its final commodity coordinates (in the 
net output of one final good), within the availability limita­
tions on primary commodities and the zero-net-output restric­
tion on intermediate commodities, can be achieved only at the 
cost of a decrease in some other final coordinate (the net 
output of another final good). A production system is effi­
cient (or optimal) in the dynamic sense if, for given stocks 
of each factor or commodity, the next period has available 
maximal total amounts for consumption of these same goods plus 
further stocks of each factor or commodity to be fed back into 
the economy as inputs. 
2on the distribution of gains and losses from fluctuating 
output see, for example, Heady (1962, p. 323)» On the stabil­
ity of agricultural inputs and production in the U.S.A. see, 
for example, Schultz (1953» PP* 209 ff.). 
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2. Theoretical efficiency aspects of economic fluctuations 
These fluctuations may be subdivided into two categories: 
a) fluctuations which are known with certainty and b) fluctua­
tions which are not known with certainty. 
Commencing our discussion with the latter category, the 
relevant points are summarized by Heady (1952, p. 530)î 
Inefficiency growing out of uncertainty is of two 
sortsÏ 1) precautions which are taken to meet 
uncertainty almost always necessitate a sacrifice; 
they either result in a less-than-maximum product 
from given resources or, conversely, do not allow 
a minimum cost for a given output; 2) both the 
.individual farmer and the consuming society sacri­
fice when production is geared-to Inaccurate ex­
pectations . 
As for fluctuations which are known with certainty, we 
follow, for lack of anything more general. Smith's (1959» PP. 
80-83) approach.^ In spite of strong simplifying assumptions, 
his model is relevant to the present discussion. 
The production function of the competitive single-
product firm, upon which the entire construct rests, is of the 
Cobb-Douglas type. The output requirements are assumed to be 
given and to follow a sine-wave cyclical variation without a 
^Another approach to cycles as a source of allocative in­
efficiency is used by Professor Dr. D, fi. Kaldor of Iowa State 
University in the course Economics 56I. (It is applied to the 
hog cycle by Boddez (I956, pp. 1-3).) He takes the equilib­
rium conditions in an economy (_l.e, the equality of various 
marginal rates of substitution and price ratios) as the start­
ing point and tries to determine the effect of fluctuations of 
an unknown future course on economic equilibrium. Hence, 
Smith's approach is more general in the sense that it is 
applicable also to fluctuations which are known with cer­
tainty. 
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trend. Smith further postulates that the capital goods input 
is of infinite durability, requires no maintenance, and, once 
installed, can be varied only at a cost which is large rela­
tive to the return on changes in capacity. 
The general problem to be solved with this model is to 
select the optimum time path of current input consumption and 
to determine the optimum level of the durable capital goods 
input. Furthermore, the solutions to this part of the problem 
are to be compared with the respective optimum solutions under 
static conditions, where the constant rate of output in the 
static case is equal to the average rate of output in the 
dynamic case. 
Two conclusions can be drawn from this simple model. 
Firstly, the average optimum consumption of the current input 
in the dynamic model is larger than that of the static model 
for the same average output. Because of diminishing marginal 
returns which are assumed by Smith, upswings in output require­
ments lead"'to more than proportional increases in the consump­
tion of current inputs, while downswings lead to less than 
proportional decreases in the consumption of current inputs. 
This asymmetry increases the cost of current inputs. Second­
ly, the optimum investment in the capital goods is larger 
under dynamic than under static conditions. In other words, 
sine-wave variations in the output requirements lead, in the 
optimum, to a relative overcapacity in durable capital. This 
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is so because minimum-cost production scheduling requires the 
producer to escape part or all of the increased consumption of 
the current input by increasing the capital stock. 
Smith (1959» p. 82) conjectures that the results derived 
from his model hold under conditions more general than the 
sine-wave output requirement of the present illustration. 
3. Relevance of Smith's model to the cattle-producing- sector 
Applying Smith's model to a single animal, the crucial 
assumption is the assumption of diminishing marginal produc­
tivity of feed. There is no doubt about the realism of this 
assumption. Peed requirements per pound of weight gained in­
crease as cattle are fed to heavier weights.^ Since cattle 
producers tend to feed cattle to heavier weights during 
periods of low slaughter cattle prices in the belief that 
cattle prices will rise in the near future, the cattle cycle 
tends to lead to allocative inefficiency. At the firm and 
industry levels, Smith's model seems also relevant. Ranges 
are understocked during the later part of the contraction 
phase and the early part of the expansion phase, with a part 
of the feed supply going unutilized. The same holds true for 
building facilities, labor, etc. Around the peak of the in­
ventory cycle, ranges are frequently overstocked and thus the 
carrying capacity for at least the following: year is reduced. 
^See, for example. Heady et (1961b, p. ^ 59)-
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Additional variable inputs are required to outbalance these 
negative effects of fluctuations. 
4. Previous work 
To the best of our knowledge and belief, no other study 
in the literature has had objectives coinciding with those of 
this analysis. 
The cattle cycle in the U.S.A. is studied in nonecono-
metric ways but interestingly by, e.g., Lorie (19^7) and 
Breimyer (1955)* The same is true of a study of the Canadian 
cattle cycle by Marshall (1964). However, to our knowledge 
only two^ econometric studies are relevant to the present 
analysis of the cattle cycle with emphasis on the cattle in­
ventory cycle. 
Maki (1962) in his study of the beef and pork output 
cycles presents, among other things, four equations explaining 
the beef cattle inventory cycle. They are part of a recursive 
system. In these equations, the number of beef cows and 
Iwhen the preparation of this thesis was already at an 
advanced stage, notification of an article published by 
Walters (I965) predicting the beef cattle inventory in the 
U.S.A. was received. In one approach to prediction, he uses 
separate equations for each of four classes of beef cattle on 
farms to estimate each inventory class six to twelve months 
in advance. Simple relationships with different lags between 
prices of slaughter cattle, prices of feeder cattle, prices 
of corn, and cattle numbers are estimated by ordinary least 
squares from annual data for the period 19^7 to 1964. The 
price variables refer to certain grades, to different months 
of the year, and to Kansas City and/or Chicago. No presented 
equation cmts.liis more than three explanatory variables. 
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heifers is used to explain the inventory of beef calves the 
following: year, the number of young beef heifers and steers 
two years later, and the number of beef cows three years later, 
ether explanatory variables are the lae-ged hog price (January-
June, first differences), feeder calf prices at Kansas City 
lagged one and two years, ar.d lagged federally inspected 
cattle slaughter. Three of the four selected equations con­
tain only two explanatory variables; the fourth equation con­
tains three. The R^-values range from .88 to .96. The esti­
mates are derived from data for 19^9 to i960 by ordinary least 
squares. 
Maki also presents two equations explaining total commer­
cial cattle slaughter and calf slaughter, respectively. Aver­
age feeder calf prices at Kansas City are also explained. 
Popp's (1962) study of the supply of dairy products in 
Switzerland for the period 1931 tc 1959 is also an econometric 
analysis of the Swiss cattle inventory cycle. All of his 
models are single equation models, which are estimated by 
ordinary least squares. He explains^ the number of calves 
raised (pp. 7I ff.), using as explanatory variables the price 
of dairy heifers over two years, the price of veal, the cow 
inventory, and/or the lagged number of calves raised, i_.e. 
Iwe translate Popp's terminology into ours and give in 
parentheses the number of the page in Popp's study to which 
the discussion refers. 
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the calf inventory. 
He also estimates a demand function for dairy heifers 
over two years (pp. 76 ff.). The current price of these dairy 
heifers is taken as the dependent variable; the young dairy 
heifer inventory of the preceding period, the current prices 
of milk and of feed, the current cow inventory, the roughage 
supply, and/or others are taken as explanatory variables.^ 
The demand for the current stock (i..e. the stock on April 
21) of potential milk animals, is also estimated (pp. ^ 7 ff.). 
The estimation equations are derived from adjustment equations 
p 
of the Nerlcve type. Explanatory variables are the current 
and/or lagged prices of milk and of feed, the lagged cow and 
heifer inventory, the lagged young heifer inventory, and/or 
the current "projected actual" stock of potential milk animals 
(p. 50). 
The use of the lagged young dairy heifer inventory in­
stead of the current inventory of dairy heifers over two years, 
justified by the simplifying assumption that "the (young) 
heifer has no alternative use but eventually to be added to 
the stock of milk animals within a given period" (p. 77)» 
shows that the model specification has perhaps been tailored 
a little too much to the estimation method, i.e. OLS. Since 
data on the inventory of heifers more than two years of age 
are available in Switzerland (p. 37) (they are not available 
in the U.S.A.), one could specify and estimate (by, e.g., 
2SLS) an equation with two (or more) endogenous variables. 
The number of young heifers kept as heifers over two years of 
age could be taken as the left-hand dependent variable, 
^See especially Kierlove (1958a, 1958b, 1958c), Brandow 
(1958), and Ladd (1959). 
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The studies relevant to an analysis of the cattle price, 
the cattle slaughter, and the import cycles are usually termed 
studies of supply response. They are so numerous that no 
review is presented here. Reviews of this type can be found, 
for example, in Van de Metering (1964) and Mauldon (1962). 
Both theses also contain extensive bibliographies on supply 
response. Hence, it will suffice here to refer to three pub­
lications: Heady et aJ.. (1961a), Nerlove and Bachman (196O), 
and Nerlove (1958b), 
C, Methodological Aspects 
1, Econometric method 
An outline of econometric methodology is presented in 
this section. Its main purpose is to provide the reader with 
references to major items in the published literature pertain­
ing to econometric methodology employed in this study, 
Tintner (1953, p. 31; 1956, p, 92) defines econometrics 
as a combination of economics, mathematics, and statistics. 
More specifically, econometrics is an endeavor to use the 
methods of mathematical economic theory and of mathematical 
statistics in order to accomplish two goals: to find numeri­
cal values for the postulated economic relationships and to 
verify economic laws and regularities (Tintner, 195^» p. 6^0). 
In other words, data, theory, and inference methods are com­
bined in order to test quantitative propositions about the 
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real economic world (Christ, 195^, p. 521). Hence, only 
quantitative propositions or theorems which are potentially 
testable against reality are of interest to the econo-
metrician. They are derived from assumptions or postulates 
by the postulational method (Kuenne, 1963» P« 26). 
In principle, an econometric investigation of the present 
type consists of three parts. They are the specification of a 
model, the estimation of the coefficients in some or all of 
its equations, and tests of hypotheses. These parts are now 
discussed in turn,^ 
2. Specification of a model 
^ Definition of specification Specification of a 
model, which is also called model building or model construc­
tion, is defined as the process of stating explicitly the 
variables (including the error term(s)) and the number and 
mathematical form of the equations that constitute a model 
(Houthakker, 1953, P» 488). It is a step which, by the pro­
cess of induction, carries the econometrician from factual 
observations to the formulation of a theory or, equivalently, 
of a mathematical model (Kemeny and Snell, 1962, p. 3)» 
An uninterpreted mathematical model of the type used in 
this study is trivial as far as the degree of mathematical 
^See, for example, Koopmans (1950), Hood and Koopmans 
(1953), Wold (1964), and Papandreou (I962) . 
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sophistication is concerned. Since it has no factual content, 
it is neither true nor false. It is an abstract form which 
may be studied and from which certain "if then ..." state­
ments can be deduced. In the specification stage of econo­
metric analysis we are not concerned with empirical truth, 
i.e. with the verification of theories (Koopmans, 1957» P» 
1^3). We are concerned rather with the prior question of the 
logical truth and clarity of the model and with the correct 
tracing of the implications of given postulates. The inten­
tional ignoring of Important aspects of reality is not permis­
sible in verification. However, it is Indispensable for the 
gradual unfolding of a body of logically valid implications of 
economically relevant postulates. 
The interpreted version of a pure mathematical model or 
theory and of the consequences deduced therefrom serves as an 
econometric model or theory. Interpretation is achieved by 
letting the otherwise meaningless symbols of a mathematical 
model stand for economic variables and parameters. Hence, 
interpretation of symbols forms a part of specification. It 
is equivalent to defining economic variables and parameters. 
b. Objectives of specification The general objective 
of specification is to make possible the achievement of the 
objectives of an investigation under given conditions. The 
objective of this study is the explanation of the cattle cycle 
by means of structurally significant econometric models. We 
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therefore aim at specifying the models such that many eco­
nomically meaningful hypotheses about the cattle-producing 
sector can be tested. In other words, the models should be 
specified such that a large number of the consequences deduced 
from them can be verified (Kemeny and Snell, 1962, p. 3> Tint-
ner, 1955, 1956) or falsified (Popper, 1962, p. 37; 1961, p. 
40; p. 86).^ In the field of business cycles, this is advo­
cated especially by Tinbergen (1951)-
The cattle cycle is said to be well explained by a 
particular model if the predicted values of the endogenous 
variables (i^e. the implications deduced from the estimated 
model) are in close agreement with the observed values during 
the period studied. The most frequently used measure of the 
closeness of this agreement, also called "goodness of fit", 
in a single equation model or a single equation of a simul­
taneous equation model is the coefficient of multiple deter­
mination, (Johnston, I963, p. 5^)» It is used in this 
study. 
There is no agreement over the objectives of specifica­
tion. Since prediction is almost always a goal of scientific 
inquiry, the dispute reduces to the question of whether or not 
Iwe do not have to become involved in the dispute among 
philosophers of science over the meaning of the terms "veri­
fication" and "falsification" because there is available only 
one kind of statistical methodology for the testing of hypoth­
eses. It serves under both interpretations. 
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well-predicting models are a sufficient objective of model 
specification or whether models should also correspond to 
reality. The dispute rests on the assumption that prediction 
is possible, at least in some cases, even if the model does 
not correspond to reality. 
The view supporting (or at least admitting) model speci­
fication for prediction without correspondence of the under­
lying postulates or "assumptions" to reality is called the 
Instrumentalist view (Popper, 1962, p. IO7). According to 
this view, models or abstract theories are not genuine asser­
tions about the real world but are merely instruments for the 
prediction of observable phenomena. 
Friedman is one supporter in economics of what Popper 
calls the instrumentalist view. He says (1953, P* 15) î 
... the relevant question to ask about the 'assump­
tions ' of a theory is not whether they are descrip­
tively 'realistic', for they never are, but whether 
they are sufficiently good approximations for the 
purpose in hand. And this question can be answered 
only by seeing whether the theory works, which means 
whether it yields sufficiently accurate predictions. 
Popper (1961, p. 423) rejects the instrumentalist view 
because it does not solve, among other things, the problem 
of "structural" properties. Koopmans (1957» PP* 139-143) also 
raises several objections against it and makes his own pro­
posals. He thinks it desirable that the logical deductions 
from a model be analysed ard recorded in such a manner that 
any particular conclusion or observationally refutable impli-
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cation can be traced to the postulates on which it rests. 
In other words, an econometric model, although being an 
approximation to real world phenomena, should rest upon eco­
nomically meaningful, i..e. realistic, assumptions. 
c. Specification procedure The specification pro­
cedure in this study consists of: 1) the determination of the 
variables to be explained; 2) the determination of the ex­
planatory^ variables of each explained variable; 3) the 
determination of the endogeneity or exogeneity of the explana­
tory variables; 4) the test of the identiflability of each 
equation of a model to be estimated; 5) the specification of 
the stochastic assumptions; 6) the choice of the algebraic 
form of the equations. If several models are constructed, 
lye. if several maintained hypotheses are advanced, this pro­
cedure is applied to each one of them. The steps involved in 
this procedure are now briefly discussed in turn. 
For given objectives of a study, a decision has first to 
be made on the variables to be explained by the model. In 
economic terminology, this is the same as determining the 
endogenous variables. In statistical parlance, it amounts to 
determining the jointly dependent variables. Knowledge of the 
^The term "explanatory" deviates in this study from its 
commonly accepted meaning if there is more than one endogenous 
variable in an equation. In this case, explanatory variables 
consist of the predetermined variables and the right-hand 
endogenous variables ir an equation. 
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object under investigation and economic theory are for this 
step the main aids of the econometrician. 
The variables with which each one of the explained vari­
ables is functionally connected are then determined. As 
Houthakker (1953> P- 488) points out, economic theory provides 
for this step of specification only a very general superstruc­
ture, which is useful mainly in telling what variables not to 
include. Consequently, on using economic theory there remains 
a number of variables the inclusion of which would be eco­
nomically meaningful. This number is usually reduced by data 
limitations and/or statistical requirements. 
Since usually statistically meaningful estimates can not 
be obtained if there Is multicolllnearlty among the predeter­
mined variables, multicolllnearlty should be kept low. This 
can be achieved in one or a combination of several ways. In 
this study the use of deviations from trend of all variables 
and the selection of only one from a number of highly inter-
correlated variables with similar economic content and similar 
explanatory power are believed to have solved the multicollln­
earlty problem satisfactorily. The reason for the use of devi­
ations from trend is as follows; 
Most of the original time series available for this study 
show a pronounced time trend. If time is Introduced as an ex­
planatory variable, multicolllnearlty will result. In case 
the other explanatory variables are exact functions of time. 
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the normal equations can not be solved because the inverse of 
the moment matrix does not exist. In practice, variables are 
functions of time and of other variables. Hence, the inverse 
of the moment matrix usually does exist. However, the rela­
tively small determinant of the moment matrix leads to rela­
tively large elements of the inverse of the moment matrix. 
Therefore, the elements of the vector of regression coeffi­
cients and the elements of the covariance matrix are affected. 
If deviations from trend are used, there is no need for the 
inclusion of time in the group of explanatory variables.^ 
This reduces also the size of the matrices to be inverted and 
thus makes rounding errors on the computer less likely. The 
result of this second step of specification is a number of 
equations, each consisting of a set of explanatory variables 
and the corresponding left-hand dependent variable. 
The objective in the third step of specification is to 
ascertain whether any set of "explanatory" variables contains 
dependent variables. We divide each set of explanatory vari­
ables according to statistical properties into two subsets, 
namely the Jointly dependent variables and the predetermined 
^On multicollinearity in general, see, e.g., Goldberger 
(1964, pp. 192-194) and Valavanis (1959» pp. IO3-IO6), For 
other ways of avoiding multicollinearity see, e.g., Goldberger 
(1964, p. 193) (extraneous information) and Kloek and Mennes 
(i960) (method of principle components, which does not give 
structural estimates desired in this study). On the use of 
extraneous information in constrained regression see, e.g., 
Wagner (1959) and Meyer and Glauber (1964, pp. 176 ff.J. See 
also Prisch and Waugh (1933). 
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variables (Goldberger, 1964, p. 294). The respective symbols 
in the matrix notation of Equation 1.2 are ^ (t) and x(t). If 
the explanatory variables of at least one equation contain 
one or more jointly dependent variables, then we have specified 
a system of interdependent or simultaneous equations. The 
first three steps together amount also to a specification of 
the a priori restrictions on the matrices Ç and B. 
The fourth step deals with identification. Since a 
detailed presentation of the identification conditions is 
lengthy and since identification is discussed in every modern 
econometrics textbook,^ we restrict ourselves to a brief 
verbal statement. However, we point out a rather fundamental 
methodological dispute over identification and what appears 
to be its settlement. 
Identification of a particular equation in a system of 
equations is a function of only one type of specification, 
namely the valid exclusion from this equation of a sufficient 
number of predetermined variables occurring in the system. 
If this number is as large as the number of endogenous vari­
ables included in the equation less one, the equation is 
exactly identified; if it is larger, the equation is over-
identified. This so-called order condition for identifiabil-
ISee, for example, Goldberger (1964, p. 306), Johnston 
(1963» P» 240), and Tintner (i960, p. 238). See also 
Koopmans (19 53b). 
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ity can be equivalently expressed as follows; 
The total number of variables excluded from an equation 
must be at least as great as the total number of endogenous 
variables in the model less one. These conditions are satis­
fied in all equations presented in Chapters III and IV. 
As to the methodological dispute, Liu (196O) considers 
underidentification a property of most real-world economic 
systems. He contends that even the correct specification 
results in underidentification and, hence, according to 
standard econometric theory, in the impossibility of estimat­
ing the structural coefficients. Nevertheless, simultaneous 
equation estimation is possible if we consider the specifica­
tion of an identified equation as a sufficient approximation 
to reality (Fisher, 1961a). Fisher uses the results of one 
of his earlier articles (Fisher, 1959) to show that the proper 
question to ask is not whether certain parameters assumed to 
be zero are in fact so. The issue rather is whether they are 
in some sense sufficiently small. He shows that this particu­
lar type of specification problem (i..e. the problem of a 
priori restrictions) is not the discontinuous one of exact 
identification or overidentification if the restrictions hold 
exactly and underidentification if they do not. It is rather 
one of diminishing estimation inconsistency as the restric­
tions become better approximations. 
In the fifth step, the specification of the stochastic 
42 
properties of the model, economic theory is not of great help 
to the econometrician. It is therefore tempting to select 
assumptions with too much attention to their economic mean­
ing.^ 
Sixth and finally, the algebraic form of the equations 
is specified. Economic theory may here again provide some 
guidelines. Each equation of the resulting model and the sys­
tem of equations as a whole constitute a "maintained" hypoth­
esis. We use linear functions the variables of which are 
2 deviations from trend. 
In econometric work, the probability of obtaining a sat­
isfactory fit from the first specification is low. Therefore, 
several models of varying complexity are usually specified, 
estimated, and statistically tested. If one specification 
gives unsatisfactory results, it is rejected and replaced by 
^The stochastic specifications underlying this study are 
made in Subsection A.2.c. It is to be remembered that no 
assumption of a normal distribution for the errors in the 
equations is necessary in order to derive consistent parameter 
estimates. However, it is required for t-tests. 
^Probably the use of other transformations like loga­
rithms, first differences, and first differences of logarithms, 
is computationally more expensive. Furthermore, it is doubt­
ful that any of the other specifications would Improve the 
results of the statistical analysis in this dissertation. 
(See, for example, Ladd and Winter (I96I), who found in a 
study of the demand for the stock of milk cows in Iowa that 
neither of four forms of specification (arithmetic, loga­
rithms, first differences, and first differences of loga­
rithms) seemed superior.) On the implications of various 
functional forms see, for example, Goldbererer (1964, pp. 213-
218). 
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another "maintained" hypothesis. Since experimentation is 
employed also in this study, in spite of the lack of a statis­
tical theory justifying it, a statement of the conditions 
under which it may be correct is given now. It is taken from 
Theil (1961, p. 206). 
The exclusion of certain maintained hypotheses raises 
the plausibility of its rivals and is therefore not useless. 
It is only required that the argument leading to the finally 
accepted result be expounded. (See Subsection below.) 
However, it is incorrect to act as if the final hypothesis 
presented were the first one, Theil (I96I, p. 207) dis­
tinguishes two possible kinds of results of experimentation 
and offers the following interpretation; 
If experimentation leads to the acceptance of a single 
maintained hypothesis, the function of experimentation can be 
compared with the function of standard errors. Standard 
errors contribute to an appraisal of numerical outcomes within 
a certain maintained hypothesis; econometric analyses of sep­
arate maintained hypotheses contribute to an appraisal of 
several maintained hypotheses and facilitate the selection of 
one preferred hypothesis. 
If it is impossible to decide between two or more main­
tained hypotheses, a class of acceptable hypotheses remains. 
For each parameter, several empirical estimates are obtained. 
But this, too, is not different from the function of standard 
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errors, 
d. Consequences of misspecifIcatlon^ From the pre­
vious discussion of specification problems we infer that mis-
specifications of various kinds are always likely to occur. 
Their major consequences are specification bias, unsatisfac­
tory fit, and perhaps identification problems. 
As for specification bias, Theil (1957» 1961, p. 32?) 
shows that in a single equation model all components of the 
vector of partial regression coefficients may be affected by 
p 
incorrect specification. He derives this result from two 
models which are equivalent except for one correct variable 
which is replaced by an incorrect one. This specification 
bias results whenever some or all correct explanatory vari­
ables in the incorrectly-specified model are correlated with 
the incorrectly-specified variable. A similar lack of con­
sistency of simultaneous equation estimates is shown by Fisher 
(1961a). If misspecification leads to multicollinearity, the 
standard errors of the coefficients are biased upward. 
As for unsatisfactory fit, misspecification may still 
result in unbiased parameter estimates, but it may lead to 
^The general operational implications of imperfect models 
were investigated by Theil (196I) and Theil and Kloek (I96O). 
2see also the article by Griliches (1957), which is based 
on Theil's approach. 
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relatively poor interval predictions because the standard 
errors will be relatively large. 
If misspecification of an equation in a system of simul­
taneous equations leads to underidentification, no estimates 
of its coefficients can be obtained, jixact identification or 
overidentification determine to a large extent which statis­
tical estimation method is most appropriate, 
3. Estimation of structural parameters^ 
The method of two-stage least squares is applied whenever 
an overidentified structural equation with one or more right-
hand dependent variables is to be estimated. It gives con­
sistent estimates; no normality assumption about the errors 
in the equations is necessary for consistent estimation. It 
can be considered an improvement over the limited information 
method since it is computationally simpler while the asymp­
totic properties of the estimates are the same. The two-
stage least squares method and its derivation are as follows: 
The mth structural equation may be selected out of the 
system 1.3 and written as 
(1-19) ISm + ^ m + Mm = 2 , 
lon estimation see, e.g. Johnston (I963), Goldberger 
(1964), or Mood and Graybill (I963). On the relationships 
between regression analysis and mathematical programming 
techniques see, e.g., Wagner (1959) and Meyer and Glauber 
(1964, pp. 176 ff.T. See also Klein (1960) and other arti­
cles in the same volume of Econometrica. 
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where the Mxl vector Cjjj is the mth column of G, the Kxl vec­
tor ^  is the mth column of B, and the Txl vector is the 
mth column of U. Deleting the subscript m and those columns 
of the matrices and elements of the vectors that correspond 
to variables excluded from the mth equation and designating 
the reduced matrices and columns by the subscript or super­
script *, we obtain 
(1.20) + u = o . 
Applying the normalization rule (Goldberger, 1964, p. 
304), transposing the normalized variable, and revising the 
notation, we rewrite the structural equation to be estimated 
as 
(1.21) V = + u , 
where y is the Txl vector of observations on the left-hand 
dependent variable - a column of Y^j.; 
is the Tx(M -1) matrix of observations on the right-
hand included dependent variables - Y* with one 
column deleted; 
Ç2_ is the (M -l)xl vector of coefficients of these 
right-hand dependent variables - c* with the -1 
deleted; 
is the TxK matrix of observations on the included 
predetermined variables - previously designated as 
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b2_ is the K*xl vector of coefficients of these included 
predetermined variables - previously denoted as b*; 
and 
u is again the Txl vector of disturbances in this 
structural equation. 
We also partition the matrix of the reduced-form coefficients, 
P in 1.4, and its estimate, P. Thus 
(1.22) P = 
£10 :ii £12 
£20 £21 £22 
= P 
[^o -xl 
The matrix P is partitioned like P with Pj_j replaced by 
Here the first subscript refers to the predetermined vari­
ables: 1 to the included predetermined variables, 2 to the 
excluded predetermined variables, and x to all of them; the 
second subscript refers to the dependent variables: o to the 
left-hand one, 1 to the included right-hand ones, and 2 to the 
excluded ones. 
In this notation, the portion of the reduced form 1.6, 
i^e., Y = XP + V, that refers to the right-hand dependent 
variables is 
(1.23) h = éihi + &P21 + Yi = &l + ïi . 
where V-j^ is the appropriate Tx(M*-l) submatrix of V. Insert­
ing 1.23 into 1.21 and rearranging, 
(1.24) z = &10.1 + ^ 1^1 + (u + . 
Since the predetermined variables are contemporaneously 
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uncorrelated with all disturbances (structural and reduced 
form), we could obtain consistent estimates of c^ and by-
computing the least-squares regression of % on = XP^i_ and 
if Pjj-l were known. We can, however, consistently estimate 
£xl 1x1 hence by arrive, therefore, at the 
following two-stage procedure. 
Stage one; The classical least-squares estimates of P^^. are 
obtained by regressing each column of Y-^ on X; this is the 
submatrix of P 
(1.25) Ixl " • 
The predicted values in these regressions are also calculated. 
(1.26) Y^ = ^xl • 
Stage two; The classical least-squares regression of ^  on Yj^ 
and is calculated. The resulting coefficients are the 
two-stage least-squares estimators of c^ and b^. 
4. Test of hypotheses^ 
a. Testing method We employ ordinary t-tests to test 
the statistical significance of individual explanatory vari­
ables. We usually advance the null hypothesis that a variable 
has no effect upon the left-hand dependent variable. If we 
possess a priori knowledge that the effect is either positive 
^On significance tests in general see, e.g., Johnston 
(1963), Goldberger (1964), or Mood and Graybill (1963). 
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or negative but not both, we make a one-sided test; otherwise 
a two-sided test is made. 
The t-tests are only approximate for several reasons. 
For example, the t-tests are exact or approximate depending 
on whether the distribution of the errors in the equations is 
exactly or approximately normal. The "actual" number of the 
degrees of freedom may also be smaller than the counted number 
because some other stochastic specifications of the model may 
not be satisfied.^ Furthermore, the effects of the elimina­
tion of a linear trend upon the significance levels are un-
2 known in case of simultaneous equation models. 
b. Criteria for selection of variables and of equations 
We now state criteria by which particular explanatory vari­
ables are included in or deleted from a given equation and 
particular estimated equations included in or deleted from 
the publication of results. 
We usually include a variable in an equation if its 
3 
coefficient is significant or highly significant.^ We also 
ISee especially 1,12 of Subsection A.2.c above. As 
Tintner (1952, p. 24?) points out, an autocorrelated time 
series of a given length corresponds roughly to a pure random 
series of a shorter length, 
^On the effects of trend elimination in single-equation 
models see, e.g., Hamsey (1964). On time series analysis in 
general see, e.g., Tintner (1952, Part 3)• 
3we adopt the following terminology: 
"highly significant" if a < .01 
"significant" if ,01 < a < .05 
"lowly significant" if ,05 < a < .50, 
where a is the probability of type I error. 
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accept a lowly significant coefficient if its sign is correct 
and if the effect of this explanatory variable on the explained 
variable is deemed economically significant in at least a few 
years of each cycle. We usually keep the number of explana­
tory variables so low that at least significant coefficients 
are obtained for all or nearly all variables. 
We present an estimated equation in the tables of the 
following chapters if it possesses at least a satisfactory 
R^-value and if its coefficients satisfy the just mentioned 
conditions. We sometimes select an equation with a relatively 
low R^-value and relatively low significance levels if it 
contains a set of explanatory variables which allows us to 
compare the explanatory value of two or more variables and/or 
which is of interest for any other reason.^ 
Ipor more sophisticated criteria (but considerably more 
expensive criteria computationally) see, e.g., Hooper (1959)» 
Hotelling (19^0), Tedford (i960), and Wherry (1931). For an 
argument in favor of experimentation see Subsection C.2.c 
above. 
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II. THE OBJECT OF THIS STUDY 
A. Objectives of Chapter, General Remarks 
about Data, and List of Time Series 
1. Objectives of this chapter 
The purpose of this chapter is to familiarize the reader 
with the development over time of major variables of the 
cattle-producing sector of the United States. Knowledge of 
this kind facilitates the development of relevant hypotheses 
in the econometric analysis of the data. In order to evalu­
ate the empirical part of this study, knowledge about cattle 
production in general and about the American cattle-producing 
industry in particular is needed to a much greater extent than 
can be presented. For acquaintance with such theoretical and 
descriptive knowledge, the reader is referred to the recent 
and excellent work by Williams and Stout (1964) . Several 
publications of the U.S. Department of Agriculture listed in 
the bibliography also contain relevant information. 
Another objective of this chapter is to scrutinize the 
dependability of various time series. For example, some weak­
nesses of the use of separate time series for beef and milk 
cattle are pointed out. Some definitions are also given.^ 
Ipor a brief discussion of the international trade in 
cattle and calves, see Section A of the Appendix. Its pur­
pose is to decide about the length of the lag with which net 
imports of cattle should be included in this analysis. 
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2. General remarks about data 
Annual time series for the period 1925 to I962 for the 
United States as a whole and for 1925 to I963 for three of its 
regions are used. Quarterly or monthly time series would, if 
they were otherwise of equal quality, contain more information 
than annual time series and would therefore be preferable. 
However, no such series of equal length are available in suf­
ficient number. 
As for terminology, the terms "data," "time series," 
"series," and "variable" are used synonymously. This is not 
strict statistical terminology, according to which a variable 
is a quantity which may take any one of a specified set of 
values. In contradistinction to a variable, a variate is a 
quantity which may take any of the values of a specified set 
with a specified relative frequency or probability and which 
is therefore often referred to as a random variable (Kendall 
and Buckland, i960, p. 3IO, p. 312). Lagged variables are 
always placed immediately below the corresponding unlagged 
variables. Thus, the definitions of the unlagged variables 
need not be repeated in their entirety. The term "lag" with­
out further specification refers to a lag of one year. 
"Double lag" indicates a lag of two years. 
The sources of the data prepared in this chapter are 
numerous. The data are available in easily accessible public 
documents. Most of them are listed in the bibliography under 
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"U.S.D.Â." Further sources are Jennings (195^> 1955> and 
1958), Hodges (1963, 1964), and U.S. Census Bureau (I96O, 
1963). Most time series are updated annually; in this case, 
only the most recent issues are listed in the bibliography. 
The procedures which are followed to obtain the published 
time series are outlined in U.S.D.A. (I949, 1957b). An evalu­
ation of some time series related to the cattle-producing sec­
tor is given by Ives (1957). Some inadequacies of the federal 
censuses of agriculture, the results of which are used in the 
estimation of time series, are pointed out by Jessen (19^9). 
3. List of time series 
a. Inventory and disposition variables (In thousands 
of heads; inventories on farms on January 1 of year t; calves 
available, calves raised, and cattle kept during calendar 
Inventory of all cattle and calves. 
Cows and heifers over two years kept on farms. 
It is X4y(t+1). 
Inventory of all cows and heifers over two years. 
It is Yii^ft-l). (If we speak of heifers without 
any age specification, we always refer to heifers 
over two years of age.) 
Inventory of beef cows and heifers. It includes 
all cows not kept for milk. 
year t.) 
( t ) 
yii9(t) 
X4y(t) 
x^l(t) 
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x^^Ct) Inventory of milk cows and heifers. A cow is 
classified as a milk cow if she is kept for milk. 
7120(t) Calves kept as young heifers, that is heifers 1 to 
2 years old. It is X52(t+1). 
X52(t) Inventory of young heifers. It is yi2o(t-l). 
X5i|(t) Inventory of young beef heifers. 
X55{t) Inventory of young milk heifers. 
y^^tt) Calves raised. It is x^glt+l) 
x^^(t) Inventory of all calves. It is yy^(t-l). 
yy^(t) Beef calves raised. It is x^g(t+l). 
x^g(t) Inventory of beef calves. This variable includes 
all heifer calves under one year old not kept for 
milk and all bull and steer calves under one year 
old. It is yy^(t-l). 
yy^(t) Milk heifer calves raised. It is x^Q(t+l). 
x^Q(t) Inventory of milk heifer calves. It is y^^(t-l). 
x^gft) Inventory of steers and bulls. 
y^^(t) Calves available. It is defined as the number of 
calves born during year t minus the number of calves 
lost during the same period. 
yy2(t) Estimated number of beef calves available. It is 
(yy^ft) + y^jft)) multiplied by (x^i(t)/x^y(t)). 
yy^(t) Estimated number of milk calves available. It is 
(yy^ft) + yj^ft)) multiplied by (x^^ftj/x^yft)). 
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b. Price variables (Prices of livestock are in dol­
lars per 100 pounds of live weight. Weighted average prices 
are computed by weighting state weighted average prices by 
quantities sold. They refer to the calendar year unless 
specified otherwise.) 
y^^(t) Slaughter cattle (excluding calves) weighted average 
price received by farmers. 
x^ij.(t) Lagged slaughter cattle price. 
y^^ft) Slaughter calf weighted average price received by 
farmers. 
X2y(t) Lagged slaughter calf price. 
Xi29(t) Wholesale price of milk received by farmers, in 
dollars per 100 pounds. 
Xi3o(t) Lagged price of milk. 
Weighted average price of hogs received by farmers. 
Lagged price of hogs. 
Xi32(t) Weighted average price of lambs received by farmers. 
Xi33(t) Lagged price of lambs. 
xgy(t) Corn season (weighted) average price received by 
farmers, in dollars per bushel. For 1937 to 19^1 
and 19^9 to 1956, it includes an allowance for un­
redeemed loans at average loan value. Beginning with 
19^9» it also includes an allowance for purchase 
agreement deliveries valued at the average rate. 
The season differs among regions; it is approxi-
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mately October 1, t-1, to September 30, t. 
c. Slaughter, import, and meat variables (In thou­
sands of heads during the calendar year t unless specified 
otherwise.) 
y2g(t) Total cattle slaughter. 
y2^(t) Cattle slaughter under federal Inspection, 
y^^ft) Total calf slaughter. 
729(t) Calf slaughter under federal inspection. 
y^^(t) Weighted average live weight of cattle slaughtered 
under federal inspection, in pounds. 
y^^(t) Weighted average live weight of calves slaughtered 
under federal inspection, in pounds. 
y^^(t) Net imports of cattle. (y^^it) also includes calves; 
their number is negligible. See Section A of the 
Appendix.) 
x^r,(t) Lagged net imports of cattle. 
y^g(t) iistimated number of cattle of domestic origin 
slaughtered. It is y2g(t) minus For 
brevity, it is called "domestic cattle slaughter." 
Pork (excluding lard) supply, in millions of pounds 
carcass weight equivalent. It is defined as the sum 
of pork production and pork net imports. 
X]_^(t) Lamb and mutton supply, in millions of pounds car­
cass weight equivalent. It is defined as produc­
tion plus net imports. 
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Poultry meat supply, in millions of pounds on a 
ready-to-cook basis. It includes chicken and turkey 
meat production and net imports. Chicken production 
figures for the earlier part of the period have been 
obtained by extrapolation. 
xiy(t) Supply of all meats excluding beef and veal, in 
millions of pounds carcass weight equivalent (pork, 
lamb and mutton) and on a ready-to-cook basis 
(poultry meats). It is the sum of the corresponding 
values of x^^(t), x^^(t), and X2^(t). 
d. Feed variables (They refer to the calendar year 
unless stated otherwise.) 
Production of all types of hay, in thousands of 
tons. 
Lagged production of hay. 
Production of corn (grain), in millions of bushels. 
Lagged production of corn. 
Corn supply. It includes Xg^ft) and corn stocks on 
farms on October 1 (old crop only), in millions of 
bushels. (For lack of data on corn carryover on 
farms prior to 193^» only production data are used 
for the earlier period.) 
Lagged corn supply. 
Range feed condition index, 17 Western States, April 
through October. 
77 (t) 
zygft) 
X8l(t) 
X82(t) 
X84(t) 
Xi3i(t) 
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e. Diverse variables 
Time; (1925 = 1,.,., 1962 = 38, 1963 = 39). 
x^(t) Gross farm income from cattle and calves in year t, 
in millions of dollars. No adjustments were made 
for cost of cattle shipped in and changes in inven­
tory values. Gross income is cash receipts from 
sales of cattle, calves, beef, and veal, plus value 
of cattle and calves slaughtered for home consump­
tion. 
x^(t) Total disposable personal income, in billions of 
current dollars. 
The dummy variables are based upon the cycle divisions in 
Table 1. They consist of zeros and the values of the vari­
ables to which they refer. Hence, they are zero-one dummy 
variables if they refer to intercept coefficients. The same 
definitions of variables are used for all areas. However, if 
a variable refers to a region, it will be designated by the 
superscript H, 
B. Time Series on the Inventories and on the 
Disposition of Cattle and Calves on Farms 
1. Inventories of cattle 
a. All cattle and calves x^^ft) The uppermost line 
of Figure 1 shows the total number of cattle and calves on 
farms on January 1. For the period 1925 to 1962 a linear 
regression of z^^ft) on time results in the regression 
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Figure 1. Composition of total inventory of cattle and 
calves on farms on January 1 
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coefficient = 1,132.7039. This indicates that the total 
inventory of cattle and calves increased by about 1.133 mil­
lion head annually. 
The values of x^^(t) predicted from b^^j. may be taken as 
the long run, secular, or trend values of the inventory series 
(The same is true of any other variable.) Around these 
trend values evolve fluctuations of a period of about ten 
years and of a varying amplitude. These fluctuations are com­
monly but incorrectly termed the cattle cycle. By and large, 
cattle Inventory expands during about two thirds of the length 
of the cycle. This phase is called expansion or upswing. 
During the remaining third, Inventory numbers decrease.^ This 
phase of the cycle is called contraction or downswing. 
The simplified two-phase division of the cattle cycle 
leaves relatively much room for arbitrariness in determining 
the turning points. This is especially true of the upper 
turning points with the exception of the first one. We there­
fore decided to base dummy variables on either one of the two 
slightly differing cycle divisions arranged in Table 1. 
From Figure 1 and from Table 1 we see that in the period 
studied the repetitions of the cycle are not of exactly equal 
length. Within one cycle, upswing and downswing periods are 
Ijf the data could have been brought up to date (I965)» 
there could be seen in Figure 1 a rather clear-cut tendency 
for reductions of total inventory numbers during successive 
downswings to decrease. 
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unequal in length. If deviations from trends are considered, 
differences in phase length are less pronounced. In the 
latter case, however, it is even more difficult to Imagine 
that the cattle cycle follows a sine-like development.^ 
Table 1. Division of the cattle cycle into upswing and 
downswing phases 
Periods of 
downswing 
Periods of 
upswing 
Cycle Division A 1925-1927 1928-1934 
1935-1937 1938-1944 
1945-1948 1949-1954 
1955-1957 1958-1962 
Cycle Division B 1925-1927 1928-1933 
1934-1937 1938-1943 
1944-1948 1949-1953 
1954-1957 1958-1962 
b. Various classes of cattle The development of the 
inventory numbers of various classes of cattle can be seen 
more clearly in Figure 2 than in Figure 1, The amplitude and 
regularity of the cyclical fluctuations are most pronounced 
for the total cow and heifer inventory. The fluctuations 
approximately decrease from calf inventory to young heifer in­
ventory to steers and bulls. The observable fluctuations in 
^These are already sufficient reasons for excluding an 
analysis of the cattle cycle according to the approach used 
by Larson (1964) for the hog cycle. 
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the latter series are more nearly of a random type with a 
period of two to three years. Milk cow and heifer inventories 
fluctuate less than the corresponding beef cattle series. 
2. Disposition of cattle and calves on farms 
a. Calves available and average calf availability rate 
The number of calves available, y&^ft), is defined as the 
number of calves born minus the number of death losses of 
calves.^ The average calf availability rate is defined as 
the number of calves available in year t divided by the number 
of cows and heifers on farms on January 1 of year t. 
The time series on the average calf availability rate is 
presented in Figure J. The average calf availability rate is 
relatively low for mainly two reasons;^ death losses of 
^An accuracy check was performed by comparing the number 
of calves available in year t with the sum of the number of 
calves slaughtered in year t and the number of all calves on 
farms on January 1 of year t+1. The result of this check is 
as follows; 
With the exception of two years in the period 1925-1962, 
the number of available calves obtained from data on births 
and death losses of calves is always higher (e.g., for 1951-
1962 by 5.8 percent) than the number estimated from calf 
slaughter and inventory data. The main reason for this down­
ward bias in the latter series lies in the fact that cattle 
growers tend to report in the questionnaire of the inventory 
sample survey calves of under one year of age as young heifers 
and/or as steers and bulls. 
^These figures are, however, in agreement with research 
results given by, for example, Gray and Goodsell (196I, p. 1). 
They state that, based on the number of calves raised per 100 
cows and heifers two years old and over in the herd on January 
1, the number of calves available on approximately 300 commer­
cial family-operated ranches for the period 19^0-1959 is 7I 
to 82 on the average. 
Figure 3* Disposition of calves on farms : average calf 
availability rate and percentages of all 
calves, of beef calves, and of milk calves 
raised 
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calves are excluded; January 1 inventories of cows and heifers 
are perhaps higher than the average number actually available 
during the year.^ The average calf availability rate shows 
small cyclical fluctuations. Relatively low values for a few 
consecutive years are usually found during downswing periods. 
b. Calves raised, yy^(t) The number of calves raised 
in year t determines the number of calves on farms on January 
1 of year t+1. The percentage of all available calves raised, 
presented in Figure 3» shows a secular rise and recurring fluc­
tuations of a rather regular type. Whenever cyclically high 
slaughter cattle numbers result in low slaughter cattle prices 
(and with varying lags lower prices also of cattle of other 
classes), farmers abruptly reduce the percentage of calves 
raised.2 The rate then stays low for a few consecutive years. 
During the inventory expansion phase of the cycle, it in­
creases steadily but at a lower rate than the absolute value 
of the rate of decline during the contraction phase. Then it 
usually stays relatively high or increases slowly during a few 
more years. This completes one cycle. 
^Cattlemen may tend to classify as heifers over two years 
some actually younger heifers which do not yet bring forth a 
calf. 
^The number of calves raised changes proportionately more 
than changes in the percentage of calves raised indicate, the 
reason being that cow and heifer inventories tend to change in 
the same direction as the percentage of calves raised. 
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The series on the percentage of the available milk calves 
raised for breeding exhibits the same characteristics as the 
series on the percentage of all available calves raised, but 
to a reduced extent. 
The series on the percentage of the available beef calves 
raised shows a behavior which induced us to postpone separate 
econometric analyses of the cattle cycle for inventories of 
milk cattle and of beef cattle.^ It indicates that during 
almost the entire period under investigation more beef calves 
have been raised than have been available. The most plausible 
explanation of this phenomenon is that calves from cows used 
for milk production are raised to produce beef. The con­
comitance of a comparatively high percentage of these milk 
calves in all "beef" calves raised with a small percentage 
of beef cows in all cows during the period prior to about 19^5 
and the gradual reversal of this relation thereafter support 
this explanation. It may safely be assumed that these milk 
calves are used as a buffer during various phases of the 
^The distinction between milk cattle and beef cattle 
underlying the published time series is not based upon rela­
tively stable criteria like those employed by animal scien­
tists. It is based upon the actual and/or intended use of 
the animals on a particular farm or ranch. The following fact 
supports this statement: in the annual inventory survey ques­
tionnaires, farmers are asked, among other things, to state 
"the number of heifers, one year old and under two, now being 
raised for milk cows" and the number of "heifers, one year 
old and under two, intended for beef cows or for beef, not 
intended for milk cows" (U.S.D.A., 19^9» p. 212).. 
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cycle. They form a relatively large proportion of calves 
raised for beef production during the expansion phase and a 
relatively small one during the contraction phase, 
c. Disposition of heifers and of cows No time series 
of the required length are available about the disposition of 
heifers of both age groups and of cows. In particular, it 
would be desirable to know how many of the available young 
heifers are added to the inventory of cows and how many are 
slaughtered. If, in addition, it were known how many cows 
are slaughtered and at what age, it would be possible to 
determine the average length of the use of cows. This know­
ledge would allow us a more detailed analysis. 
G. Time Series on the Slaughter of Cattle and of 
Calves, and on the Supply of Competing Meats 
1. Variables on the slaughter of cattle 
a. Total cattle slaughter y28(t) Time series on the 
total number of cattle slaughtered and on related variables 
are presented in Figure 4. We see that there is a rather 
close correspondence as to the direction and the magnitude of 
annual changes between the total number of cattle slaughtered, 
yggft), and the number of cattle slaughtered under federal 
inspection, y2^(t)Therefore, for certain predictions the 
latter variable may be used in place of the former. 
^The estimated correlation coefficient is ^28,24 ~ .9^8. 
Figure 4. Variables on cattle slaughter. Part A; yi(t), 
gross farm Income from cattle and calves; 
y28(t), total cattle slaughter; y^^ft), cattle 
slaughter under federal inspection. Part B: 
average live weight of calves 
slaughtered under federal inspection; yg^ft), 
cattle price received by farmers 
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The average live weight of cattle slaughtered under fed­
eral inspection, y^^ft), shows marked cyclical fluctuations 
about a secular upward trend. Since the average live weight 
is inversely correlated with cattle slaughter ~ 
-.091)» the amplitude of the cyclical fluctuations of the 
total production of beef is smaller than the amplitude of the 
fluctuations of live weight and of cattle slaughter. The 
relationships for the period 19^7-1963 between the live weight 
of cattle slaughtered under federal inspection and all cattle 
slaughtered have been investigated by Walters (1964) 
The weighted average price of slaughter cattle received 
by farmers, y^^ft), shows marked cyclical fluctuations. It 
is negatively correlated with y^gft), the total number of 
cattle slaughtered (r^^ £8 ~ "•396), and positively with 
^He states that the relationship of the live weight of 
cattle slaughtered under federal inspection to cattle 
slaughtered without federal inspection remained rather stable. 
This may be taken, according to Walters, as an indication 
that, regardless of the phase of the cattle inventory cycle, 
the same proportionate numbers of cattle of various weight 
classes are slaughtered without federal inspection as with 
federal inspection. However, the live weight per head of 
cattle slaughtered under federal inspection always exceeded 
that of cattle slaughtered without federal inspection. The 
average live weight under federal inspection during the I7 
years studied was 996 pounds, while that for cattle 
slaughtered without federal inspection was only 866 pounds, 
or about 87 percent of the weight per head of cattle 
slaughtered under federal inspection. Taking the weight 
relationships for I7 years individually, these percentage 
figures are 86 in six years, 87 in five years, 88 in four 
years, 89 in one year, and 90 in one year. If they show any 
systematic movement over time, it is more nearly an upward 
trend than a cyclical pattern. 
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the average live weight of cattle (r^^ 3!^, = .311), 
and with y^ft), the gross farm income from cattle and calves 
(r^^^ 2 = .836). 
b. Slaughter of cattle by origin The total number 
of cattle slaughtered, yggft), may be subdivided into the 
number of cattle of domestic origin slaughtered, y^gft), and 
the number of cattle of foreign origin slaughtered. For 
brevity, the latter variable is called lagged net imports of 
cattle, 
2. Variables on the slaughter of calves 
Calf slaughter and related time series are presented in 
Figure 5. The number of calves slaughtered increases secu­
larly prior to about 1946 and decreases thereafter. In view 
of the relatively large increase in the cow and heifer inven­
tory and, hence, in the number of calves available, this indi­
cates a gradual change in the disposition of calves by farmers. 
Since the number of calves slaughtered is the complement of 
the number of calves raised discussed earlier, no more need be 
said about it here. 
The total number of calves slaughtered, y^^Ct), is posi­
tively correlated with the average live weight of calves 
^The reasons for the use of lagged net imports instead 
of current net imports are given in Section A of the Appendix. 
The time series y^gft) is not plotted because XQy(t) is in 
most years studied so small that y^gft) and y^s^w practically 
coincide. 
Figure 5. Variables on calf slaughter. Part A; 733(t), 
total calf slaughter; y^^tt), calf slaughter 
under federal inspection; iin(t), supply of 
other meats. Part B; y35(t), average live 
weight of calves slaughtered under federal 
inspection; yg^ft), calf price received 
by farmers 
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slaughtered under federal inspection, y^^(t) (^33^35 = •752). 
Both series are inversely related with the average price of 
slaughter calves received by farmers, (^33,96 ~ -.264; 
^35,96 = -.108). 
3. Supply of competing meats, (t ) 
A time series on the supply of competing meats is in­
cluded in the analysis because we expect to find significant 
effects of the supply of pork, of lamb and mutton, and of 
poultry on the supply and the price of slaughter cattle. 
These meats compete with beef and veal for resources and for 
the consumers' dollar. The time series on the total supply 
of other meats is plotted in Figure 5. 
D. Other Time Series 
1. Feed supply variables 
The aggregate supply of feeds constitutes an upper limit 
to the technically feasible volume of aggregate cattle produc­
tion. Severely reduced supplies of feed in drought years 
result in sales of a relatively large number of breeding stock 
and therefore in a reduction of cattle inventories in the fol­
lowing year. Annual fluctuations of the production and the 
supply of feed, especially of concentrates, result in fluctua­
tions of about equal length of the average live weight of 
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slaughter cattle.^ In this study, we restrict ourselves to 
the use of mainly the following feed variables: hay produc-
2 
tion and production or supply of corn. 
The total production of all types of hay, Xyy(t), is used 
in this analysis. This variable may be taken as a proxy for 
the production of all types of roughage, (See Figure 6.) The 
time series on the lagged supply of corn, xg^ft), is also 
plotted in Figure 6. The use of corn stocks on farms instead 
of total corn stocks is preferable because corn stocks on 
farms, which accounted for about 50 percent of total corn 
stocks in the early fifties and for about 33 percent in most 
years thereafter, are more easily accessible to cattle feeders 
than corn stocks off farms. Cattle producers tend to feed 
stocks of corn on farms to cattle as soon as the receipts per 
bushel of corn fed to cattle are higher (after subtraction of 
all other additional costs of feeding) than the possible sales 
^On various aspects of the feed-livestock economy see, 
for example, Jennings (1958), Hodges (1964, I963), U.S.D.A. 
(1955)» 14auldon (I962), Fox (1953» 1958), and Fox and Taeuber 
(1955). 
^We computed from Tables 1 and 2 of Statistical Bulletin 
153 (Jennings, 1955) the contribution of various types of feed 
to the total consumption of feed units by dairy (beef) cattle 
for the year beginning October 1, 19^9: concentrates 26.3 
(15.0) percent; harvested roughage 34.8 (18.0) percent; pas­
ture and grazing 37.1 (66.1) percent; other feeds 1.8 (.9) 
percent. In that year, feed units in hay accounted for about 
76.7 (81.7) percent of all feed units in harvested roughage 
consumed; feed units in corn (grain) accounted for 39.5 (o7,0) 
percent of all feed units in concentrates consumed. 
Figure 6. Feed variables: zyy(t), total production of 
all types of hay, and Z84(t), lagged supply 
of corn on farms 
Figure 7, Price variables: zgy(t), price of corn 
received by farmers; zi29(t), price of milk 
received by farmers; xi^^ft), price of hogs 
received by farmers 
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price. In contradistinction, corn stocks off farms will be 
fed only if the expected receipts per bushel from feeding 
cover, in addition, the costs of transportation back to the 
farm or feedlot, handling charges, sales taxes, etc. 
2. Price variables 
The price of corn received by farmers is dealt with fre­
quently in later chapters. This variable is presented, to­
gether with the prices of milk and of hogs in Figure 7» 
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III. EMPIRICAL HijSULTS PÛH THE UNITED STATES 
A. General Remarks 
1. Variables explained 
Below, we present a list of the variables explained in 
this chapter. Detailed definitions of these variables are 
given in Subsection II.A.3. The number of the table, in which 
the estimated coefficients are presented, and the designation 
of the section or subsection, in which the respective esti­
mates are discussed, are added in parentheses. The variables 
are grouped according to the cycle they refer to. Deviations 
of the values of the original variables from the respective 
trend values are used in the econometric analysis. The trend 
values of each time series are calculated from a regression 
equation. It is derived by regressing each original time 
series on time. 
Group A. Variables of the inventory cycle: 
yil^(t), the number of cows and heifers kept (Table 2, 
Section 3); 
yi2o(t), the number of calves kept as young heifers 
(Table Section C); 
yy^(t), the number of calves raised (Table 4, Section 
D); 
y5^(t), the number of calves available (Table 5f 
Section E). 
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Group B. Variables of the price and income cycle; 
the current slaughter cattle price received by 
farmers (Table 6, Subsection F.l); 
y^^ft), the current slaughter calf price received by 
farmers (Table 7> Subsection F.2); 
y^ft), the gross farm income from cattle and calves 
(Table 8, Subsection P.3)* 
Group C, Variables of the slaughter and import cycle; 
y28(t) and y38('t), the total number of cattle 
slaughtered and the number of cattle of domes­
tic origin slaughtered (Table 9> Subsection 
G.l) ; 
y^^ft), the number of calves slaughtered (Table 10, 
Subsection G,2); 
y34(t), the average live weight of cattle slaughtered 
under federal inspection (Table 11, Subsection 
G.3); 
y3^(t), the average live weight of calves slaughtered 
under federal inspection (Table 12, Subsection 
G.4) ; 
y^^ft), the net imports of cattle and calves (Table 
12, Subsection G,5). 
2. Conventions about use of terms and arrangements 
Throughout this thesis we adhere to the following conven­
tions and arrangements; 
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The estimated unit effects are arranged in tables. The 
standard errors are put in parentheses below the corresponding 
coefficients. Each table shows also a line called "average. 
It contains the estimated average coefficients, which are 
simple averages of all the respective individual unit effects. 
Exceptions to this rule are stated in footnotes. 
The following average elasticity estimates^ are also 
given in the tables: the trend elasticities, e^ôE» the 
mean elasticities, ejyj. The trend elasticities are computed 
from the 1962 trend values of the respective variables and 
the appropriate average coefficients. The mean elasticities 
are calculated from the mean values instead of the trend 
values of the variables. Superscripts u and d designate up­
swing and downswing, respectively. Upswing and downswing 
elasticities are calculated from the respective upswing and 
downswing average coefficients. These average upswing and 
downswing coefficients are obtained by adding the average ef­
fect of the dummy variable to the average effect of the re-
^The word "average" in connection with any type of co­
efficient has two mutually nonexclusive meanings. Usually, 
it refers to the simple average of the individual unit effects 
or the elasticities derived therefrom. If used in connection 
with upswing and downswing coefficients or with the corre­
sponding elasticities, it refers also to the average over all 
phases of the cattle cycle. 
^The elasticity estimates are probably still short run 
elasticities. On the effect of time upon elasticities see, 
e.ff.. Shepherd (1963, pp. 63 ff.) . See also Ladd and Tedford 
tl959) and Nerlove (1958a, 1958b, I9580, 1959). 
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spectlve variable. 
As to the interpretation of the coefficients in the 
tables, the magnitudes of the Individual and of the average 
coefficients indicate the estimated individual unit effects 
and average unit effects, respectively, of the variables in 
the columns upon the dependent or "explained" variable on the 
left-hand side of the equation. The unit effects are measured 
in the same units of measurement as the "explained" variables 
to which they refer. The elasticity coefficients presented 
indicate the estimated elasticities of the "explained" or 
"left-hand" dependent variable with respect to the variables 
in the columns. 
For the significance levels, the terminology below is 
adopted. Highly significant, significant, and lowly signifi­
cant refer to levels of probability of type I error, a, of 
equal to or smaller than .01, larger than .01 but not greater 
than .05» and larger than .05 but not larger than .50, re­
spectively. If it is of particular interest to know more 
exactly the approximate level of probability of type I error, 
it is added in parentheses. 
For brevity, we frequently make statements in the empiri­
cal chapters like "The direction of the predicted change is in 
agreement with theory", "The sign of the coefficient is as ex­
pected", or "The sign is correct if interpreted in the short 
run context." These phrases have the following meanings: 
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The economic agents determining, the development over time 
of the variable in question seem to have, in the period 
studied, acted in conformity with the respective theory. The 
theory referred to is, in most instances, the (short run, 
longer run, and/or long run) microtheory of production or 
price theory. If this behavior does not undergo essential 
changes in the future, we are able to predict, on the basis 
of a coefficient estimated from historical data, that changes 
in one variable will ceteris paribus have a certain effect 
upon another variable. Also for brevity, we often employ 
abbreviated and synonymous names of variables. 
The following designation of time periods is adhered to 
throughout this thesis: "Short run" refers to periods of 
approximately up to one year; "longer run" designates periods 
longer than one year but not longer than an entire cattle 
cycle; "long run" refers to periods of more than ten to 
twelve years. 
B. Variables in Selected Equations Explaining yiigft), 
the Number of Cows and Heifers Kept 
1. Current slaughter cattle price, yg^(t) 
The coefficient of the endogenous variable y^^ft), the 
current slaughter cattle price received by farmers, is in an 
one-sided test significant or highly significant in four of 
the six equations presented in Table 2. In the remaining two 
equations, the probability of type I error is still smaller 
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Table 2. U.S.A., yiipCt): Estimated unit effects and average elasticities of variabli 
heifers kept 
Equa­
tion 
number 
7^3(t) 
Cattle 
price 
y28(t) 
Cattle 
slaughter 
X47(t) 
Cow 
inventory 
Lagged 
cattle 
price 
X62(t) 
Young 
heifer 
inventory 
Hay 
production 
*81' 
Cor] 
produel 
3.1* -138.4353 
( 77.6364) 
-.3553 
(.1146) 
.9377 
(.1668) 
125.1392 
(68.9514) 
.6677 
(.4377) 
.0309 
(.0158) 
3.2* -116.2766 
( 74.0251) 
-.2911 
(.0970) 
.8679 
(.1532) 
111.9598 
(67.9065) 
.8072 
(.4176) 
.0346 
(.0154) 
3.3 -147.2751 
(81.7449) 
-.3699 
(.1136) 
.7006 
(.1801) 
125.1945 
(77.0494) 
1.3507 
(.4724) 
.4.' 
(.3! 
3.4 -201.7211 
( 87.0328) 
-.3867 
(.1119) 
.7331 
(.1776) 
175.6574 
(79.8183) 
1.1665 
(.4839) 
.0313 
(.0183) 
3.5^ -92.2067 
( 66.6260) 
-.2887 
(.0877) 
1.0247 
(.1373) 
60.3278 
(58.5014) 
.7644 
(.3527) 
.0180 
(.0131) 
3.6b 
-266.3636 
( 93.1490) 
-.4623 
(.1152) 
.9219 
(.1975) 
195.9591 
(83.4044) 
.7454 
(.5217) 
.0161 
(.0198) 
Average: 
-160.3797 -.3590 .8643 134.4877° .9170 .0287 .4! 
Elasticities: 
®T62 -.074 
ëT62 
^62 
ejj -.0^2 
-.193 
-.167 
.855 
.856 
.060 
.058 
.123 
.042 
.235 
.222 
.071 
.152 
.040 
.069 
.0; 
.0: 
iS .040 .147 
4 .086 .039 
&Based on Cycle Division A. 
^Based on Cycle Division B. 
^Computed from coefficients in Equations 3.1-3.4 only. 
iriables in selected equations explaining the number of cows and 
X8l(t) XQ Dg R2 
Lagged Coefficient 
Corn corn Dummy Dummy Intercept of deter-
iroduction supply variable variable Intercept change mination 
.k333 -623.2510 917.3092 .92 
(-hl3h) (260.5^63) (361.2305) 
-76l.k5k9 1,157.3715 .92 
(225.0900) (301.0292) 
.h$h7 -.0239 .88 
(.3822) (130.5572) 
-.0239 .88 
(127.6332) 
101.6339 -810.1038 1,500.5707 .95 
(68.5534) (211.78ii08) (311.9902) 
186.81:36 .0^51 92.4178 .90 
(95.5989) (.QLlW (134.1796) 
.4547 .4333 145.7388 .0454 1,901.7515 
.032 .034 
.029 .030 
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than .10. All c^^-coefficlents are smaller than zero. 
The average coefficient C93 = -l60,3797 indicates that 
an increase (a reduction) in the current slaughter cattle 
price of one dollar per 100 pounds of live weight will ceteris 
paribus lead to or be associated with a reduction (an increase) 
in the next year's cow and heifer inventory of about 160,380 
head. The corresponding elasticities computed at the 1962-
trend values of yii^ft) and y^^Ct) and at the means are 
®T62 ~ -.07^ and e^ = -.052, respectively. 
The sign of the c^^-coefficients is in agreement with the 
theory of production.^ A cattle producer will, while other 
things remain equal, react to a temporary, l_.e. a short run, 
increase (reduction) in the current cattle price by selling 
more (fewer) cattle, including cows and heifers, for slaugh­
ter. Hence, the number of cows and heifers kept decreases 
(increases). 
This explanation of the negative values of C93 is valid 
only in the short run context. By this we mean that cattle 
farmers as an aggregate take temporarily changed prices as 
such and do not or not mainly base their expectations about 
future profitability conditions of the cattle enterprise upon 
them. We hypothesize that the profitability expectations are 
iQn the microtheory of production see, e.g., one or two 
of the following works: Allen (i960), Carlson (1956), Heady 
(1952), Henderson and Quandt (1958)» and Schneider (i960). 
In this connection the reader is also referred to Subsection 
I.A.3.b. 
87 
changed only after the cattle price has been at or not far 
from a certain level for a longer period. For example, in the 
case of annual data, it is reasonable to hypothesize that the 
profitability expectations are changed if last year's cattle 
price shows a change and if the current developments of the 
cattle price do not give rise to contrary expectations. 
These statements apply to the slaughter cattle prices and 
to the prices of other products of the cattle enterprise and/ 
or the inputs for the cattle enterprise. 
2. Lagged slaughter cattle price, xg^ft) 
The coefficient b^ii. of the predetermined variable x^^ft) 
is positive in all selected equations and highly significant, 
significant, or lowly significant depending on the particular 
equation considered. The average coefficient b^^ = 134.4877 
indicates that if the lagged price of slaughter cattle in­
creases (decreases) ceteris paribus by one dollar per 100 
pounds of live weight, the number of cows and heifers kept 
will increase (decrease) by about 134,488. 
The contrast between the effects of y^^ft) on yii^ft) and 
the effects of its lagged values x^^ft) may be explained as 
follows: Cattle producers take the current cattle price, the 
estimated response to which is reflected in the cg^-coeffi-
cients, as an indicator of short run developments and the lag­
ged cattle price as an indicator of longer run developments. 
If the lagged slaughter cattle price shows an increase (a 
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decrease), farmers may, according to this interpretation, take 
this change as an indicator of longer run profitability devel­
opments of the cattle enterprise. More explicitly, the lagged 
cattle price may form the basis for expectations about future 
profitability conditions. Hence, farmers may want to increase 
(reduce) the size of their cow herds because of a rise (fall) 
in the lagged slaughter cattle price. 
Prom this interpretation of the contrast between the 
negative effect of the current slaughter cattle price and the 
positive effect of the lagged slaughter cattle price follows 
that there should be a certain duration of the effectiveness 
of changed prices, to which cattle farmers do not respond. 
This duration should be somewhere between the short run and 
the longer run. An individual farmer may not know whether to 
interpret a changed slaughter cattle price, whose length of 
effectiveness is usually not known with certainty, as a short 
run or a longer run profitability indicator. Cattle farmers 
as an aggregate may not show a response to cattle price 
changes of such a duration because some farmers may react as 
short run, others as longer run profit maximizers. The 
effects of these two polar behavior groups may cancel out. 
This conjecture can be formally stated as the null hypothesis 
that a slaughter cattle price of a certain lag does have no 
effect upon the number of cows and heifers kept. On the basis 
of annual data used in this study, this hypothesis is not 
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amenable to an empirical test. 
The contrast between the negative c^^-coefficients and 
the positive b^^-coefficients may be interpreted in a differ­
ent way, i.e. In terms of price changes. 
Let the cattle price change be Ay^^(t) = y^^ft) -
y^^Ct-l) = Yg^ft) - Xg^ft). Then 0^93 = + b^^, i.e., the 
coefficient of the variable is a linear combination of two 
coefficients. Taking as an example the coefficients of Equa­
tion 3,1, we have 0^93 = -I3.296I and SCA93 ~ 34.6729. Hence, 
CA93 of Equation J.l Is not significant. In Equation 3-5» we 
have C/^93 = -31.8789 and SCA93 ~ 33.^712. Therefore, 0^93 of 
Equation 3.5 Is lowly significant in a two-sided test at a = 
,35» In summary, there is a tendency for the coefficient of 
Ay^3(t), the annual change in the slaughter cattle price, to 
reach a lower significance level than the separate current and 
lagged cattle price variables. The sign of 0493 is correct if 
price changes are interpreted in the short run framework. 
A hypothesis about nonlinearities in the coefficient of 
x^^ft) is now tested. The null hypothesis is that bg^^. = 
i.e., the lagged slaughter cattle price has the same effect 
upon the number of cows and heifers kept during the upswings 
as during the downswings. An appropriate alternative hypoth­
esis is that b^^ < bg^, i.e.» the effect in question is 
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smaller during the upswings than during the downswings. 
Since and b^2f = b^2+ + ^ >9^» a procedure for 
testing the above null hypothesis is to test the statistical 
significance of b^^. We may employ one-sided tests because 
we can say before we make the tests that b^^ has to be greater 
than or equal to zero. This a priori statement is obtained 
as follows: 
During an upswing, cattle producers tend to expand the 
size of their breeding herds at a rate which is close to the 
maximum feasible rate. During a downswing, however, there 
exists relatively much slack. Hence, during an upswing there 
is relatively little possibility for expanding the size of the 
cow herds at an even larger rate in response to rises in the 
lagged slaughter cattle price received by farmers. 
The coefficient of D^;i^ in Equation 3.6 is significant, 
the one in aquation 3.5 is lowly significant (a = .07). We 
therefore may reject the above null hypothesis and accept the 
alternative hypothesis. The average coefficient b^^ = 
1^5.7388 indicates that, ceteris paribus, a one-dollar in­
crease (decrease) in the lagged slaughter cattle price x^i^(t) 
induces cattle farmers in the U.S. to keep about 1^5»700 more 
(fewer) cows and heifers during a downswing than during an 
upswing. 
The estimated average elasticities during upswings are 
®t62 ~ .058 and e^ = .040; during downswings, the elasticities 
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are e^^2 ~ .123 and e^j = ,086. In words, the estimated elas­
ticity of the number of cows and heifers kept with respect to 
the lagged slaughter cattle price is more than twice as large 
during downswings than during upswings. 
3. Cattle slaughter, y^gft) 
The coefficient of the endogenous variable 738("t) is 
highly significant and negative in all selected equations. 
The average coefficient 023 = -.3590 enables us to predict 
that, ceteris paribus, an Increase (a decrease) in the cur­
rent cattle slaughter of 1,000 head Is associated with a 
decrease (an increase) in the number of cows and heifers on 
farms of about 359. The sign of this change is as expected 
because cows and heifers over two years always constitute a 
fair portion in the total number of cattle slaughtered.^ 
4. Cow and heifer inventory, x^y(t) 
This variable is the endogenous variable yii^(t) lagged 
one year. Its coefficient is highly significant in all sel­
ected equations and is positive as expected. The average 
coefficient b^^y = .8643 indicates that an increase (a de­
crease) in the Inventory of cows and heifers on January 1 of 
year t by 1,000 leads ceteris paribus to an Increase (a de-
^On the average from 1959 to I962, cows constituted 21,5 
percent of all cattle slaughtered under federal inspection, 
heifers of all age groups 21,7 percent. 
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crease) in this inventory on January 1 of year t+1 of about 
864. Equivalently, about 86 percent of the additional inven­
tory of cows and heifers are kept the entire year. The elas­
ticities calculated from the above average coefficient are 
®t62 ~ '^55 and ejvj = .856. 
5. Young heifer inventory, x^2(t) 
This explanatory variable is the endogenous variable 
yi2o("t)> calves kept as young heifers, lagged one year. Its 
coefficient is significant or highly significant and larger 
than zero as expected in all selected equations. The average 
coefficient b^2 = .9170 indicates that if the inventory of 
young heifers increases (decreases) ceteris paribus by 1,000 
head, the number of cows and heifers kept increases (de­
creases) by about 91?. In elasticity terms, we have Qrji^2 ~ 
.235 and ejvî = .222. The bg2""^alues of 1.350? and l,l665 in 
Equations 3«3 and 3»^» respectively, need not cause us to 
reject these two equations for the following reason: 
There is no variable in any equation discussed that takes 
into account the number of cows slaughtered or otherwise lost. 
Hence, a change in x^2(t) may occur at the same time as a 
change in cow slaughter but in the opposite direction. For 
example, during the expansion or upswing phase of the cycle, 
farmers increase the size of their cow herds by breeding more 
young heifers and by keeping cows a larger number of years in 
use. There are therefore no theoretical objections to a value 
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of b^2 greater than 1.0. 
6. Hay production, x^yft) 
The coefficient of this exogenous^ variable is positive 
in all and significant in a one-sided test in almost all equa­
tions presented. The correct interpretation of the average 
coefficient = .0287 is that an increase (a decrease) in 
the current total production of all types of hay of 1,000 tons 
will ceteris paribus lead to an increase (a decrease) in the 
number of cows and heifers kept of about 29. The elasticity 
estimates corresponding to the average coefficient are eijig2 ~ 
,071 and e^i'i = .O69. 
Since we surmise nonlinearities in the byy-coefficient, 
we test the null hypothesis that changes in total hay produc­
tion have the same effect upon the number of cows and heifers 
kept durinp- the upswing as during the downswing phases. In 
symbols, Eg : byy = byy. An alternative hypothesis is that 
this effect is larger during the upswings than during the down­
swings.^ In symbols, H^; byy > byy. 
lln grazing areas, the total supply of feed from pasture 
and grazing is by no means an exogenous variable to the cattle-
producing industry. On the effect of the stocking level on 
feed supply see, e.g., Breimyer and Thodey (1964). 
2The following cycle division, which might be termed the 
trend-plus-minus cycle division, seemed more relevant to test­
ing a modified version of the above pair of hypotheses than 
the upswing-downswing divisions of Table 1; Years in which 
the deviations of x^^ft), the Inventory of all cattle and 
calves, from its trend were positive (continued on next page) 
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There are good reasons against, but still better reasons 
for, the a priori statement that b^^ > b^^. Against it there 
is the observation that during an upswing farmers tend to 
expand their cow herds at.or close to the maximum feasible 
rate. This maximum rate is determined mainly by the gestation 
period of cattle and is therefore fixed for practical pur­
poses. Hence, an increase in the production of forage of any 
common magnitude cannot be expected to have any easily appre­
ciable effect upon the number of cows and heifers kept. In 
favor of the above alternative, we have the fact that during 
an upswing unusually large reductions in forage production, as 
in severe drought years, have a reducing effect upon cow and 
heifer inventories. We admit, however, that the inventory 
numbers of other cattle classes are reduced proportionally 
more than the cow and heifer Inventories. In favor of it, 
there is also the fact that forage-producing land, especially 
pasture, is used less closely to capacity during a downswing 
than during an upswing. In other words, there is relatively 
more overcapacity during a downswing. If there is overcapac­
ity or, equivalently, oversupply of forage, a change in for­
age production in either direction of any common magnitude 
(footnote continued from previous page) formed one phase of 
the cycle; years with negative deviations formed the second 
phase. However, computations and significance tests based 
upon this trend-plus-minus cycle division led to no useful 
results. 
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can have no great effect upon the number of cows and heifers 
kept. Weighing these arguments against each other, the above 
alternative hypothesis seems reasonable. 
A procedure for testing the above null hypothesis is to 
test the statistical significance of byy because byy = byy + 
b!^ and byy = byy. Since byy = .0454 of Equation 3,6 is sig­
nificant at the 15 percent level of type I error, the null 
hypothesis may be rejected and its alternative accepted. 
Therefore, byy = .0454 may be interpreted as follows: 
If ceteris paribus the total current production of all 
types of hay increases (decreases) by 1,000 tons, about 45 
more (fewer) cows and heifers will be kept during an upswing 
than during a downswing. 
The estimated elasticities are e^^g " .152 and ej^ = .14? 
—d —d during upswings and e^^g " .04o and ej^j = .039 during down­
swings. Expressed verbally, the estimated elasticities of 
the number of cows and heifers kept with respect to the total 
production of all types of hay are almost four times as large 
during upswings as during downswings. 
7. Corn production, XQ]_(t), and lagged corn supply, xg^(t) 
The positive sign of the coefficient of X8i(t) is accept­
able only if interpreted in the longer run context. In the 
short run, an increase (a decrease) in the corn production 
increases (decreases) the supply of concentrate feeds and 
96 
this, even in an economy with government interference in the 
corn market mechanism, tends to lower (raise) the cost of cat­
tle feeding. In the short run, cattle farmers will therefore 
tend to increase the number of cattle sold for slaughter. 
Hence, the value of bg% would have to be negative. Viewed as 
above, but in the longer run, an increase (a decrease) in the 
corn production, which stands as a proxy variable for the 
supply of concentrate feeds in general, will ceteris paribus 
improve (worsen) the profitability expectations of cattle 
farmers and induce them to expand (contract) the size of their 
cow herds. Hence, the positive value of bsi is correct in the 
longer run framework. 
The bg^-coefficient of the lagged corn supply is also 
appropriately interpreted in the longer run context. Its 
elasticities are 6^62 ~ .03^ and e^ = .030. 
8. Intercept, Xq 
Knowledge of the behavior of cattle producers suggests 
that there are nonlinearities in the intercept coefficient. 
We therefore advance the null hypothesis that the intercept 
coefficient b^ is of the same magnitude for upswings and for 
downswings. In symbols, this is b^ = b^. An alternative 
hypothesis is that the function shifts upwards during up­
swings. Expressed in symbols, this is b^ > b^. 
A procedure for testing the above null hypothesis is to 
fit an equation whose set of explanatory variables includes 
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also a dummy variable, Dq (say), and to test the significance 
of bg^; that is, we test Eg: b^^ = 0 against b^^ > 0, 
This procedure is appropriate because b^ = bg + b^^ and 
t>o = . 
For the Cycle Division B, on which Equation 3.5 is based, 
we have obtained the highly significant estimate b^^ = 
1,500*5707. It indicates that the number of cows and heifers 
kept will ceteris paribus be about 1,5 million larger during 
an upswing than during a downswing. We interpret the esti­
mated intercept changes in the group of equations explaining 
the number of cows and heifers kept as the effect of a host 
of factors which can not or can not easily be taken into 
account individually, 
The Intelcept change may, generally speaking, reflect a 
change of the mood of the majority of cattle growers from 
optimism about the expected profitability of the cattle enter­
prise during an upswing to pessimism^ during a downswing. In 
this sense, the intercept-shifting dummy variable takes the 
place of a crude aggregate expected profitability index. 
This zero-one dummy variable may perhaps also be interpreted 
2 
as a crude index of the realized profit rate. The index is 
^Instead of optimism and pessimism, one could as well 
use high and low optimism or high and low expectations, 
2lf this statement is true, then the inclusion of lagged 
slaughter cattle and/or calf prices will reduce the size of 
the intercept change. This is actually the case as will be 
seen, for instance, in Section C of this chapter. 
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crude because it assumes the change from optimism to pessimism 
and vice versa to occur suddenly at the turning points of the 
cycle. The reason for this abrupt change is that the coeffi­
cient b§^ is either in or is not in an equation predicting the 
annual number of cows and heifers kept. The abruptness of 
this change could be reduced by increasing the number of 
phases into which a cycle is divided and by increasing the 
number of dummy variables correspondingly. This would be 
equivalent to increasing the nonlinearities in the intercept 
coefficient of the equations under discussion. 
9. Summary 
The stated objectives of this section, namely the estima­
tion of equations explaining the number of cows and heifers 
kept and the test of relevant hypotheses, are attained. The 
2 proportion of the explained variance as expressed in the R -
2 
values is relatively high because these fi -values do not 
reflect the explanatory value of time. This is so because all 
the computations are based not upon the original data but upon 
deviations of the observed values of the original variables 
from their respective trend values. In most equations present­
ed in Table 2, all coefficients are statistically significant 
or highly significant. The signs of all coefficients are in 
agreement with theory. They furthermore are of the same sign 
in all selected equations. 
The statistical results make possible the economically 
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very relevant Inference that cattle farmers in determining the 
size of their cow herds do respond to the current and lagged 
slaughter cattle prices. Since the prices of cattle are taken 
as substitutes for profit variables, which are not available, 
the statistical results may be taken as support for the hypoth­
esis that the actual and expected profits in the cattle enter­
prise are major factors in the development over time of the 
cow and heifer Inventory. Price corrective measures should 
therefore be a promising policy instrument for influencing the 
course of the cattle cycle. Similar remarks apply to the 
other variables in the above equations. 
It is advisable to use equations without dummy variables 
for prediction around the turning points of the cycle. Equa­
tions with nonlinearitles in the coefficients predict as well 
or little better in other years. These differences indicate 
that the introduced nonllnearlties are not sufficiently non­
linear, More explicitly, the division of a cycle in an up­
swing and a downswing might better be replaced by a division 
with a larger number of phases. The number of dummy variables 
would have to be Increased correspondingly. This is not done 
for the following reasons: 
The equations with dummy variables on an upswing-
downswing basis explain and predict only slightly better than 
equations without dummy variables. Furthermore, the supe­
riority gain would probably diminish rapidly if the number 
of dummy variables for a particular coefficient were 
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increased. 
Before predictions from an equation with a dummy variable 
on an upswing-downswing basis can be made, a decision has to 
be made as to whether a particular year belongs to the up­
swing or the downswing phase; no such decision is necessary 
if equations without any dummy variables are employed. If 
more dummy variables for a particular coefficient are intro­
duced, more decisions as to the phase of the cycle have to be 
made, A larger number of dummy variables also may increase 
multicollinearity. 
G. Variables in Selected Equations Explaining yi2o(t), 
the Number of Calves Kept as Young Heifers 
1, Current slaughter cattle price, yg^(t) 
The estimates of the coefficient of the endogenous vari­
able y^^it) are smaller than zero in all equations presented 
in Table 3* Positive values of c^^ result only in a few 
equations which are unsatisfactory otherwise. The c^^-
coefficient is highly significant in all equations with the 
exception of Equations 3.8 and 3*9. In these two equations, 
corn supply and corn production, respectively, appear as exo­
genous variables instead of corn price. 
On the basis of the average coefficient cg^ = -79.7177» 
we are able to predict that an increase (a decrease) in the 
current slaughter cattle price of one dollar is associated 
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Table 3* U.S.A., 7x20^^^* Estimated unit effects and average elasticities of varLabl 
kept as young heifers 
y28(t) yp3(t) X94(t) X56(t) Xyy(t) XQY(t) s^: 
Equa­ Lagged 
tion Cattle Cattle cattle Calf Hsy Corn G( 
number slaughter price price inventory produc tion price SU] 
3.7 -.2695 -139.6084 80.4905 .4348 .0226 1,451.3683 
(.0388) (47.5098) (33.6076) (.0717) (.0074) (257.6350) 
3.8 -.1767 -18.2026 5k.5837 .1238 .0241 
(.0183) (58.2710) (47.1020) (.1010) (.0121) 
3.9 -.1788 -9.0162 53.9065 .4456 .0260 
(.0472) (55.k220) (45.3506) (.0971) (.0115) 
3.10* -.2032 -136.6233 70.8021 .3601 .0238 1,538.0471 
(.0456) (44.2187) (31.2882) (.0755) (.0070) (245.7838) 
3.11 -.2903 -42.4530 .5304 .0173 1,323.5^ 20 
(.0405) (26.4972) (.0637) (.0076) (269.7668) 
3.12* -.2196 -52.0665 .4411 .0193 1,429.8370 
(.0479) (25.1663) (.0708) (.0073) (256.6108) 
3.13^  -.2575 -160.0)36 79.6324 .4169 .0130 1,504.6340 
(.0396) (51.9850) (36.6437) (.0764) (.0086) (270.0632) 
Average: 
.0222^  -.2279 -79.7177 64.9457° .4361 1,450.0857 — •  
Elasticities: 
®T62 -.207 -.141 .112 
CO CO CO 
.211 .163 — • 
®T62 .138 .331 
®?62 .277 .124 
% -.190 -.105 .083 
CO 
.217 .148 - •  
iM .102 .341 
.205 .127 
^Based upon Cycle Division A. 
^Based upon Cycle Division B. 
"^Computed from coefficients of Equations 3«7-3»10 only. 
^Computed from coefficients of Equations 3.7-3*12 only. 
Lliable8 in selected equations explaining the number of calves 
xS3(t) 
Corn 
supply 
xgi(t) 
Corn 
production 
4 
Diinmy 
variable 
°77 
Dummy 
variable 
Xo 
Intercept 
0% 
Intercept 
change 
Coefficient 
of deter­
mination 
-.0196 .78 
(53.2716) 
-.3061 -.0199 .58 
(.2ii7il) (71.0562) 
-.1.105 -.0199 .60 
(72.4396) 
-252.6703 384.0289 .81 
(114.1101) (155.8586) 
-.0198 .74 
(57.0777) 
-260.0869 395.3020 .78 
(121.4076) (165.8096) 
80.4751 .0218 39.1849 .7y 
(39.2958) (.0178) (58.2830) 
-.3061 -.1)105 80.1751 .0218 389.6650 
-.091 -.110 
-.089 —.108 
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with a decrease (an Increase) in the number of calves kept as 
young heifers of about 79>7l8. The estimated average elas­
ticities are eT62 = -.141 and ej^ = -.105. 
On comparing the c^^-coefficients in Equations ^.lO and 
3.12, we see that the omission in iiquation 3 •12 of the lagged 
cattle price leads to an increase (i..e. a reduction in 
absolute values) in the size of c^^ from about -137 to -52. 
The difference of about 85 is of the same order of magnitude 
as b^2^ in Equation 3*10. If the cattle price with a double 
lag were also included and if a small positive coefficient 
were obtained for it, the summation would more closely corre­
spond to b^i| in 3.10. Therefore, c^o in Equation 3.12 can be 
thought of as the sum of c^^ and b^i|. in 3.10 or, in general, 
the sum of the effects of the current and of one or more 
lagged cattle prices. 
2. Lagged cattle price, XQZj,(t) 
The coefficient of x^4(t) is larger than zero in all 
selected equations. The average coefficient b^j^, = 64.9^57 
indicates that a one-dollar Increase (decrease) in the lagged 
slaughter cattle price will ceteris paribus lead to an in­
crease (a decrease) in the number of calves kept as young 
heifers of about 65»000 in the U.S.A. The estimated average 
elasticities are e<j'62 = .112 and e^ = .O83. 
The positive values of b^z^. can be reconciled with the 
negative values of c^^ by Interpreting b^/4, in a longer run 
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and in a short run framework. The details of this inter­
pretation are given in Section B of this chapter. 
A linear combination (i^e. addition) of the and b^^-
coefficients results in only minor reductions in the signifi­
cance levels of cago, where ~ ^ 93 For example, in 
Equations 3«7 and 3.10, we calculate the coefficients 0^93 = 
-59.1179 and -65.8212 and the t-ratios -2.30 and -2.70, respec­
tively. Negative values of c^g^ are plausible if the response 
to price changes is interpreted in the short run context. 
The alternative hypothesis that an increase (a decrease) 
in the lagged slaughter cattle price will ceteris paribus lead 
to a larger response during a downswing than during an upswing 
may be accepted because the coefficient of the dummy variable 
b^, is significant. This difference in the response of 
farmers is plausible if it is interpreted in either one or 
both of the ways below. 
During a downswing (an upswing), a relatively small 
(large) number of calves is raised. Since the breeding qual­
ity of calves decreases (increases) as the number of calves 
raised increases (decreases), the proportion of potential 
female breeding material in the total number of calves raised 
is relatively large (small) during a downswing (an upswing). 
Dd Hence, the positive sign of Is as expected. 
According to the second interpretation, the capacity 
utilization of factors such as feed, labor, and building 
facilities is on the average lower during a downswing than 
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during an upswing. Therefore, a given change in the lagged 
cattle price can bring forth a larger response in 7120(t) 
during a downswing than during an upswing. 
From Equation 3.I3, we derive the elasticity estimates 
®T62 ~ •I38 and = .102 for the upswing phase and 6^62 ~ 
.277 and = .205 for the downswing phase, jiven the rela­
tively small upswing elasticities are still larger than the 
average elasticities. Other things remaining equal, the mag­
nitudes of the average elasticities are expected to lie some­
where between those of the upswing and downswing elasticities. 
The nonconformity of the empirical magnitude relationships 
with the expected ones may be due to a violation of the 
ceteris paribus condition, i.e. to the differing sets of ex­
planatory variables in the equations compared. 
3. Cattle slaughter, y28(t) 
The coefficient of the endogenous variable.y28(t) is 
highly significant in all selected equations. The average 
coefficient C23 = -.2279 indicates that an increase (a de­
crease) in the current cattle slaughter of 1,000 head is 
associated with a decrease (an increase) in the number of 
calves kept as young heifers of about 228. The average elas­
ticities are = -.207 and e%/[ = -.I90. The sign of the 
predicted change is as expected because the slaughter of cows 
and heifers creates space and need for young breeding mate­
rial. 
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4. Calf Inventory, x^g(t) 
The coefficient of the lagged endogenous variable x^^(t) 
is highly significant in all equations. Taking the average 
coefficient = .4^61 for interpretation, an increase (a 
decrease) in the calf inventory on farms on January 1 of 
1,000 head will ceteris paribus lead to an increase (a de­
crease) in the number of calves kept as young heifers of about 
436. The predicted change in terms of elasticities is e%^2 ~ 
.888 and ep^ = .838, 
5. Hay production, x^yft) 
The byy-coefficient is significant in almost all sel­
ected equations, byy = .0222 indicates that an increase (a 
decrease) in the production of all types of hay of 1,000 tons 
leads to an increase (a decrease) in the number of calves kept 
as young heifers of about 22. The corresponding average elas­
ticities are 6^62 = .211 and = .217. 
We test the null hypothesis that byy remains constant 
and the alternative hypothesis that it changes between up­
swings and downswings. The coefficient byy = .0218 of Equa­
tion 3.13 is significant at a = .12 in a one-tailed t-test. 
Therefore, we may reject the above null hypothesis and accept 
the alternative hypothesis. 'Byy = .0218 indicates that farmers 
respond to a one-unit increase (decrease) in Xyy(t) by keeping 
as young heifers 22 more (fewer) calves during an upswing than 
during a downswing. The estimated elasticities are e^^2 = 
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.331 and ê% = .341 during upswings and 6^52 ~ .12^ and = 
.127 during downswings. The reasoning leading to the accept­
ance of this nonlinearity in the byy-coefficient has been 
expounded in Section B of this chapter. 
6. Corn price, xgyft) 
All bgy-coefficients are positive and highly significant. 
The average coefficient bgn = 1,^50.0857 implies that an in­
crease (a decrease) in the current corn price of one dollar 
per bushel leads to an increase (a decrease) in the number of 
calves kept as young heifers of approximately 1.4-5 million 
head. The corresponding average elasticities are e%^2 ~ .163 
and ejvi = .148. 
The positive sign of the predicted change warrants a 
brief discussion. An increase (a decrease) in the current 
corn price leads ceteris paribus to an increase (a decrease) 
in the cost of cattle feeding. Cattle feeders will respond 
to an increase (a decrease) in the current feeding cost with 
a reduction (an increase) in the number of cattle fed. Since 
calves on farms on January 1 of the current year are either 
kept as heifers or fed and, in most cases, slaughtered during 
the same year, a reduction (an increase) in the number of cat­
tle fed is associated with an increase (a decrease) in the 
number of calves kept as young heifers. The results of this 
reasoning are in accordance with the sign of the estimated 
107 
bgy-coefficients. 
The same conclusion is reached if the nrice of corn is 
linked with the liquidity position of farmers. Taking as a 
starting point the frequently observed combination of cattle 
and of corn production on the same farm, the current liquidity 
position of farmers will ceteris paribus improve if the cur­
rent corn price rises. An improved liquidity enables cattle 
producers to keep additional young heifers. These calves are 
fed and sold as slaughter cattle in case of a less favorable 
liquidity position. 
If the rise in the corn price is caused by a reduction 
in the production of corn and/or the supply of corn, feed 
availability aspects, i.e. feeding feasibility aspects, too, 
favor a positive coefficient of Xgy(t) in this set of equa­
tions explaining yi2o(t), the number of calves kept as young 
heifers. 
7. Corn production, X8i(t), and corn supply, xg^ft) 
If desired, the exogenous variable xgyft), the current 
corn price received by farmers, can be replaced by either 
X8i(t), current corn production, or xg^(t), current corn 
supply. The cost of such a substitution is a reduction in 
or, equivalently, an increase in the size of the standard 
errors of the coefficients. Furthermore, current corn produc­
tion and current corn supply may be more difficult to ascer­
tain than the current corn price. If current corn production 
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increases (decreases) by one million bushels, the number of 
calves kept as young heifers in the same year decreases (in­
creases) by 410. Expressed in elasticity terms, we have 
®t62 ~ -.110 and e^vj = -.108. The sign of the predicted change 
is correct only if interpreted in the short run context. The 
same is true of XQ^(t), corn supply, the elasticities of which 
are erj^^2 = -.09^ and e|4 = -.089. 
8. Intercept, Xq 
The intercept coefficient b^ is not significantly differ­
ent from zero. There are, however, highly significant changes 
between the upswings and the downswings. The average coeffi­
cient bo^ = 389«6650 indicates that, ceteris paribus, about 
390,000 more calves are kept as young heifers during an up­
swing than during a downswing. 
9. Summary 
The direction of the predicted response of the number of 
calves kept as young heifers to changes in various variables 
is as expected in all cases. The magnitudes of the predicted 
unit effects of variables are highly significant in statis­
tical tests in most cases. The hypothesized nonlinearities 
between the upswings and the downswings in the intercept co­
efficient, the coefficient of the lagged cattle price, and the 
coefficient of the total production of all types of hay are 
highly significant, significant, and lowly significant respec­
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tively. 
The empirical results presented in Table 3 support, among 
other things, the hypothesis that the current and the lagged 
prices of slaughter cattle and of corn are major determining 
factors in the development over time of the number of calves 
kept as young heifers, Jiquivalently, actual and expected 
profits in the cattle-producing sector seem to be very impor­
tant factors in determining the young heifer inventory. 
As for the use in prediction of these equations, Equation 
3.7 may be preferred in years close to the turning points of 
the cattle cycle. Equations 3.10 and/or 3«13 could be taken 
in the remaining years. 
D. Variables in Selected Equations Explaining 
the Number of Calves Raised 
1. Current slaughter cattle price, yg^(t) 
The coefficient c^^ is highly significant in most equa­
tions presented in Table 4. The average coefficient c^^ = 
-953•1288 indicates that if the current slaughter cattle 
price increases (decreases) by one dollar per 100 pounds of 
live weight, the number of calves raised in the same period 
will ceteris paribus decrease (increase) by about 953,000. 
The corresponding average elasticities are 6^62 = -.80? and 
e]y[ = -.642. 
The evaluation of the c^^-coefficient in terms of micro-
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Table i|. U.S.A., y», (t): Estimated unit effects and average elasticities of variables in 
calves raised 
Equa­
tion 
number 
yapCt) 
Calves 
available 
yyjft) 
Cattle 
price 
ypôft) 
Calf 
price 
%94(t) 
Lagged 
cattle 
price 
X8i(t) 
Corn 
production 
X83(t) 
Corn 
supply 
%84(^) 
Lagged 
com 
supply 
3.14 .4188 
(.1257) 
-1,282.1644 
(315.6531) 
849.1771 
(280.5102) 
255.3914 
(79.1793) 
3.15 .6118 
(.1403) 
-751.433b 
(363.0293) 
608.2966 
(277.9741) 
127.6098 
(89.8054) 
3.16* .4211 
(.1122) 
-948.4389 
(297.1662) 
633.8780 
(258.4658) 
153.2020 
(75.6210) 
3.17b 
.5739 
(.1075) 
-925.9256 
(260.8982) 
657.4817 
(226.5933) 
97.4415 
(72.0605) 
3.18^ .5567 
(.1091) 
-1,020.8272 
(278.8721) 
724.8439 
(237.2027) 
116.3479 
(74.7164) 
-.4381 
(.4516) 
3.19b .7067 
(.1181) 
-1,276.6408 
(293.1462) 
1,004.0830 
(265.7578) 
78.2128 
(68.5536) 
-.9898 
(.4508) 
3.20% .7600 
(.1089) 
-1,213.8525 
(289.6348) 
1,017.3740 
(266.7831) 
-1.0555 
(.4493) 
3.21% .6974 
(.1012) 
-591.3911 
(266.1529) 
515.5420 
(227.8379) 
-
3.22* .4318 
(.1138) 
-868.7939 
(316.9182) 
576.1573 
(271.0267) 
133.2433 
(80.514.6) 
.3635 
(.4769) 
3.23b .6713 
(.1055) 
-661.8190 
(293.9163) 
544.3144 
(223.0490) 
39.5493 
(69.0909) 
-
Average; .5850 -953.1288 713.1148 125.1248 .3635 -.4391 -1.0227 -
Elasticities: 
®T62 .S74 -.807 .666 .104 .047 -.065 -.147 
% .926 -.642 .548 .082 .049 -.065 -.l48 
^Based upon Cycle Division A. 
^ased upon Cycle Division B. 
icitie s of variables in selected equations explaining yy^ft), tiie number of 
Corn 
supply 
Lagged 
com 
supply 
X8Y(t) 
Com 
price 
Hay 
production 
Xo 
Intercept 
0% 
Intercept 
change 
Coefficient 
of deter­
mination 
.0236 
(.0210) 
.0026 
(147.6757) 
S( 
-2,137.5202 
(863.1148) 
.0099 
(.0203) 
.0017 
(137.0894) 
.64 
.0255 
(.0188) 
-662.5366 
(242.7196) 
1,007.0572 
(3W9.7205) 
.67 
.0093 
(.0172) 
-792.2608 
(209.1505) 
1,366.4517 
(297.6686) 
.73 
-.4381 
(.4516) 
.(BOO 
(.0204) 
-018.8947 
(211.1430) 
1,414.4557 
(301.7037) 
.74 
-.9898 
(.4508) 
.0121 
(.0162) 
-985.7911 
(ZI6.13OL) 
1,702.7309 
(319.4695) 
.77 
-1.0555 
(.4493) 
.0066 -
(.0156) 
•1,035.4321 
(198.6571) 
1,874.8381 
(282.9757) 
.76 
-1,394.6172 
(684.1483) 
.0002 
(.0158) 
-726.4950 
(205.189) 
1,254.8558 
(294.0815) 
.75 
.0167 
(.0222) 
-671.3640 
(244.6519) 
1,020.4746 
(312.3327) 
.67 
-1,225.6449 
(722.0835) 
-705.5772 
(205.7451) 
1,218.7269 
(297.3926) 
.76 
-.4391 -1.0227 -1,585.9941 .0138 1,357.6989 
-.065 -.147 - .085 .063 
-.065 -.l48 -.063 .069 
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economic theory is difficult because both yy^ft) and y^^(t) 
are jointly dependent endogenous macrovariables. There is 
therefore no clear-cut unidirectional cause-effect relation­
ship. The above interpretation in terms of partial deriva­
tives, i^e. the interpretation under the imposition of the 
ceteris-paribus condition, is, however, correct. 
In the short run, farmers will, as pointed out in Section 
B of this chapter, slaughter n.ore (fewer) cattle if the current 
cattle price increases (decreases). Associated with or follow­
ing an increased (a decreased) cattle slaughter is an in­
creased (a decreased) need for or feasibility of raising more 
(fewer) calves. Hence, c^o has the "wrong" sign according to 
this explanation. An acceptable explanation of the negative 
value of is as follows: 
An increased (a decreased) slaughter cattle price leads 
to or is associated with an increase (a decrease) in the cur­
rent cattle slaughter. This, ceteris paribus, leads to a de­
crease (an increase) in the number of calves available be­
cause, as the cattle slaughter increases (decreases), more 
(fewer) cows and heifers are slaughtered before they bring 
forth a calf. The negative effect of y^^(t), the current 
cattle price, upon y5^(t), the number of calves available, 
possibly outweighs the oositive effect upon yy^(t), the number 
of calves raised. 
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2. Lagged slaughter cattle price, XoZjXt) 
Since one-sided significance tests may be applied, the 
b94-ccefficient is significant or highly significant in almost 
all selected equations. The direction of the predicted change 
is in agreement with the microthecry of production. The null 
hypothesis that b^^f = could not be rejected. 
The reduction in the size of the b^^-coefficients in the 
equations with an intercept-shifting dummy variable gives some 
indications about the substitutability among explanatory vari­
ables. On comparing Equations 3.19 and 3.20, we see that the 
omission of x^^ft) from the set of predetermined variables 
2 
causes only an insignificant reduction in H . This indicates 
a small explanatory value of the lagged slaughter cattle 
price. In contrast to this, the omission of the current 
cattle price leads to a large reduction in the fi~-values. 
The coefficients of the current and of the lagged cattle 
price may be combined and the combined coefficient inter­
preted as the effect of changes in the cattle price upon the 
number of calves raised. This effect is negative in all and 
significant or highly significant in most selected equations. 
The lagged calf price could be taken in place of the 
lagged cattle price. No such substitution has been made be­
cause the lagged cattle price is probably a better indicator 
of the longer run profitability of the cattle enterprise. 
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3. Current slaughter calf price, 796(t) 
The coefficient of the endogenous variable 796(t) is 
highly significant in most equations and positive in all 
equations presented. Based upon the average coefficient 
C95 = 713.1148, we predict that an increase (a decrease) in 
the current slaughter calf price of one dollar will ceteris 
paribus lead to or be associated with an increase (a decrease) 
in the number of calves raised of about 713,000. In terms of 
elasticities, the predicted change is eiji52 = .666 and ej^ = 
.548. 
If the calf price increase (decrease) is caused by a 
proportionate reduction (an increase) in the number of calves 
slaughtered, the proportion of calves raised increases (de­
creases) because the number of calves available is given in 
the short run. A positive sign of is expected according 
to this interpretation. If the calf price change is due to 
exogenous factors like a change in the consumer preferences in 
favor of more veal, a negative value of 09^ is expected. 
Weighing one interpretation against the other according to 
the probable frequency of their applicability, we may accept 
a positive value of C96. 
4. Number of calves available, y69(t) 
The c59-coefficient is highly significant and, as ex­
pected, positive in all selected equations. The estimated 
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average elasticities are = .874 and e]y[ = .926, 
5. Total hay oroduotion, xny(t) 
The estimated effect of the total hay production upon the 
number of calves raised is statistically nonsignificant in 
most ecuations, i..e., the explanatory value of x^r,(t) is low. 
This can be seen also from aquation 3>23> which gives a 
satisfactory li -value in spite of the omission of Xyy(t) from 
the set of exogenous variables. The estimates none the less 
possess economic significance. 
The null hypothesis b!^^ = b^^ could not be rejected with­
out greatly reducing the significance levels of the other 
explanatory variables in an equation. When all_ these now 
relatively insignificant variables were deleted, untolerably 
2 large reductions in the ri -values, resulted. 
6. Corn price, xgn(t) 
The estimate of bgy is significant or highly significant 
in all selected equations with the exception of Equation 3•23» 
An increase (a decrease) in the corn price received by farmers 
of one cent per bushel will ceteris paribus result in a de­
crease (an increase) in the number of calves raised of about 
15,860. 
Since corn is a major input and since the profitability 
is inversely related to the price of corn, the sign of the 
bgy-values is as derived from the microtheory of production 
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under the assumption of profit maximization. Calves soon 
after weaning begin to receive corn in their ration, hence, 
the negative value of bgy is plausible. The interpretation 
of the corn price as a proxy for the prices of any major con­
centrate feed gives additional support to this statement. 
7. Corn production, xg^ft), corn supply, xg^ft), 
and lagged corn supply xg^(t) 
The inclusion of either one of these three variables in 
place of the corn price was not very successful. Merely the 
bg^-coefficient in iiiquations 3.19 and 3.20 is significant in 
two-sided tests. If the lagged corn supply on farms in­
creases (decreases) by one million bushels, the number of 
calves raised will ceteris paribus decrease (increase) by 
about 1,000. The elasticities derived from the average co­
efficient bgi|, = -1.0227 are eT62 = -.1^7 and e^ = -.148. 
If the coefficients of the current and/or the lagged corn 
supply variables are interpreted as the direct effects of 
these variables upon the number of calves raised, no theo­
retical justification for the negative values of the bg^- and 
bg^-coefficients can be found. No other interpretation could 
be obtained. 
8. Intercept, Xq 
The estimates of the intercept changes between upswings 
and downswings are highly significant in all selected equa­
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tions. The average value = 1,357«6989 indicates that 
about 1.358 million more calves are ceteris paribus raised 
during an upswing than during a downswing. These predicted 
changes may be interpreted as in Section B of this chapter, 
9. Summary 
In the equations explaining yy^ft), the number of calves 
raised, the current slaughter cattle and slaughter calf prices 
are, besides the number of calves available and the corn 
price, the most important explanatory variables. The per­
formance of the feed supply variables is by and large unsatis­
factory. No significant changes between upswings and down­
swings in the coefficients of the lagged cattle price and 
the total production of hay can be observed. The inclusion 
of intercept-shifting dummy variables, however, brings highly 
significant results. This provides additional support for 
the hypothesis that factors which are not accounted for in 
conventional statistical data used in this study play an 
important role in the development of the cattle cycle. 
E. Variables in Equations Explaining y^^ft), 
the Number of Calves Available 
1. General remarks and list of hypotheses tested 
The equation explaining yg^Ct), the number of calves 
available. Is the only equation in the entire model which is 
independent of the other equations of the model because it 
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Table 5» TT-S.A., 3^69^ Estimated unit effects and. average elasticities of va 
y^gCt), the number of calves available 
Equa­
tion 
number 
x^7(-b> 
Cow and 
heifer inventory 
°S7 
Dummy 
variable 
3C92^(t) 
Tagged 
cattle 
price 
°9U 
Dummy 
variable 
3Cg.p(t) 
lagged 
calf 
price 
^97 
Duimny 
variable 
3.2U .6999 
(.0703) 
3.25® .7285 
C.IXU2) 
-.0297 (.1831) U0.III6 (I4I.III6) 
3.26^ .5957 (.1393) .1656 (.1667) 35.2i4.89 (39.8686) 
3.27® .7hh9 (.0755) 11.3579 (1+5.2673) 123.5159 (100.1123) 
3.28^ .7267 (.0719) lM.'009h (I1I1..O662) 122.8351 (97.8516) 
3.29® .7263 (.1163) -.021L (-1837) 28.13U5 (35.2810) 
3.30® .7873 (.12U5) -.0732 (.1863) 116.6133 (77.3415) 
-114.4679 
(88.6071) 
3.31® .6980 
(.1098) 
.OOii.2 (.1797) 
3.32b .5732 (.1366) .1790 (.1655) 
3.33® .8385 
(.0898) 
-5.8I4.09 
(I4.2-892J+) 
73.1007 (102.50ii5) 
3.3l|.b .7679 (.0695) h.390^ (1+0.0762) 35-3807 (9lt.7909) 
3.35® .8386 
(.0816) 
3.36^ .77li8 
Ci0667) 
Average x .7702° 37-6803'^ 28.1345® 
Upswing* .7568^ 12.6837® 2.11454^ 
Downswing* .581*5^ 135.85926 116.6133^ 
Elasticitiesx 
®T62 .938 .021 .017 
^62 .912 .007 .001 
^62 .712 .075 .071 
% 1.001 .016 .013 
• 
.977 .005 .001 
•s^ ' 
.759 .056 .055 
®Based Tipon Cycle Division B» 
^'Based upon Cycle Divisicm A. 
^Computed from coefficients of eqiiations without Dj^y. 
^Computed from coefficients of Equations 3 «25 and 3»26 only. 
eFrom Equation ; 3 . 29 . 
^Computed from coefficients of Equations 3.26 and 3.32 only. 
Scomputed fron Equations 3.27 and 3.28 only. 
hprom Equation 3 «30. 
ixcd.'ti.es of variable s in. selected equati ons 
^97 
DuOTny 
variable 
:K78(t) 
I-agged 
prodiicbL cm. 
=0 
Intercept 
D: 
Intercept 
câiange 
Coefficient 
of deter— 
minati-on 
• - • 
-.0001 (1^9.7291) 
-19.1285 
(192.3297) 
58.1398 
(160.8782) 
69.2500 (158.951U) 
14(6.7289 (153.1909) 
-13.8066 (193.1873) 
.7331^ 
.714.09 
.71*80 
.7518 
• .7522 
.7383 
-llli.ii679 
(88.6071) 
39 .76UI4. (195.7571) 
2.7327 
(190.9097) 
62.82*95 (160.2877) 
.7509 
.7336 
.71*22 
.0160 (.019it) -U56.837U (262.2690) 859 .8738 (371.2365) .7957 
.0216 
(.0178) 
-559.6907 
(253.6892) 
871.1880 
(312 .601*6) 
.8093 
-565.6001 
(21*5.9266) 
976.91*52 
(.352 .1951*) .7816 
—636 .35148 
(237.9808) 
967.2590 (299.6572) .791*7 
.0186 918.8165 
.OhS 
.072 
118 
contains, besides y^^(t), no endogenous variable. Ordinary 
least squares estimation can therefore be applied. The rela­
tively low cost^ of ordinary least squares enables us to 
test a relatively lar^e number of hypotheses related to y^^ft). 
Each hypothesis is tested for several ways of dividing the 
cycle in upswing and downswing phases. In other words, this 
equation Is used as a testing ground. The testing procedure 
is elaborated more than in other sections of this and the 
following chapter. 
In the discussion of the effects of various variables we 
follow the sequence: price variables, cattle inventory and 
slaughter variables, feed supply variables, intercept, and 
summary. The null hypotheses formally tested, the correspond­
ing alternative hypotheses, and the numbers of the respective 
equations are, in the order discussed: 
Hq! b^2^. = 0 against b^^ > 0; Equations 3«25 and 3.26; 
Ho: b^/^ = b^j^ against b^2^ > b^/^; Equations 3«27 and 
3.28;  
Hg: b^y = 0 against %: b^y > 0; Equation 3.29; 
Ipor lack of a 2SLS computer program - the program was 
prepared while the computations for this study were done -
all 2SLS estimates were obtained by applying an OLS program 
twice. The additional time requirements for preparing the 
output of the first stage as in input for the second stage 
were rather prohibitive. Several relevant hypotheses could 
have been tested if a 2SLS computer program had been avail­
able . 
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Hq: against H^î b^^ > b^^; Equation 3.30; 
Hqî b^y = k against bjr, = f(t); 
HqS b y^ = b^  ^against H^s b^y > b^y; Equations 3,31 and 
3.32; 
Ho: by8 = 0 against H^: byg > 0; Equations 3.33 and 3.34; 
Hq: bg = bg against b^ > b^; Equations 3,35 and 3.36. 
2. Lagged cattle price, ig^ft) 
a. Eg: bgij, = 0; bgij, > 0 The null hypothesis 
states that the lagged price of slaughter cattle received by 
farmers has no effect upon the number of calves available 
whereas its alternative asserts a positive effect. 
We perform the significance test on Equations 3-25 and 
3,26, which contain x^^ft), zi),y(t), and oj^y. The estimates of 
b^2j, are equal to 40.1116 and 35.2489, respectively. In one-
tailed tests, they are significant at approximately the .1? 
and ,19 probability levels of type I error. We therefore may 
reject the null hypothesis and accept the economically more 
meaningful alternative hypothesis. 
The estimates indicate that a one-unit increase in 
i^e. a rise in the slaughter cattle price of one dollar per 
100 pounds of live weight in year t-1, will ceteris paribus 
lead to an average increase in the number of calves avail­
able in year t of about 37,680. The elasticities correspond­
ing to this estimate are 6^62 = .021 and êîî = .016. The 
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sign of is as expected. Its magnitude, however, is un­
expectedly small. Knowing that is the average over all 
phases of the cattle cycle and that farmers' response to price 
changes may differ between upswings and downswings, we advance 
the following hypothesis: 
b. b^^ = b^^; > bg^ This null hypothesis 
states that the response of the number of calves available to 
changes in the lagged slaughter cattle price is the same dur­
ing downswings as during upswings. The alternative hypothesis 
specifies that the response during downswings is greater than 
the response during upswings. 
A procedure for testing the null hypothesis is derived 
from the expressions b^^ = b^^ + b^^ and b^^ = b^^, where the 
meaning of the symbols is as given in the list of abbreviations. 
We see that b^j^ is equal to b^j^ only if b^^ is equal to zero. 
Therefore testing hq: b^^ = 0 against b^^ > 0 is equiva­
lent to testing the above null hypothesis. 
The estimated coefficients b^^ of Equations 3»27 and 3.28 
are 123.5159 and I22.835I, respectively. Both are in one­
sided tests significant at a = .11. Therefore the null 
hypothesis may be rejected and its alternative accepted. 
Prom Equations 3«27 and 3*28 we derive the average esti­
mates bgj^ = 12.6837 and b^^j, = 135.8592. The elasticities 
—u 
corresponding to these two coefficients are ~ .007 and 
= .005 for upswings and 6^53 ~ .075 and = .056 for 
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downswings. 
These empirical results imply that a one-dollar increase 
(decrease) in the lagged slaughter cattle price leads ceteris 
paribus to an increase (a decrease) in the current number of 
calves available that is about 123,000 larger during a down­
swing than during an upswing. The dichotomy of response is 
plausible in the following sense: 
During an upswing, cattle growers operate already close 
to the upper limit of the average calf availability rate.^ 
This limit is formed mainly by biological factors. Hence, 
there is little possibility for further improvements follow­
ing a slaughter cattle price rise during an upswing. In con­
trast to this, there is relatively much room for response to 
a price rise during a downswing. Because of a relatively low 
profit rate during.a downswing, farmers may make less effort 
to achieve a high fertility rate in their cow herds and to 
keep death losses of calves low. They probably also act as 
profit maximizers if they do not even breed some cows during 
a downswing while expecting the slaughter cattle prices and 
2 therefore the profit rate to improve in the near future. 
Ï-The average calf availability rate is defined as the 
ratio ygg(t)/zg (t). 
^This statement may be taken as implying that some cattle 
growers take into account effects of their individual actions 
on the cattle-producing industry. They would hardly let some 
cows go unbred if they took as (continued on next page) 
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3. Lagged slaughter calf price, Xgy(t) 
a. Hp; bgy = 0; K^; hgy > 0 This hypothesis is the 
same as the hypothesis in Subsection 2.a above with the ex­
ception that the lagged slaughter calf price Xgy(t) takes the 
place of the lagged slaughter cattle price Xg^(t). The esti­
mate bgy = 28.13^5 of Equation 3*29 is significantly differ­
ent from zero only at a = .23 in a one-sided test. Since the 
error level is smaller for Xg^(t) than for Xgy(t) and since 
Xgij,(t) and Xgy(t) are highly correlated,^ equations contain­
ing Xg^(t) instead of Xgy(t) should be used for prediction. 
b. Hqî bgy = bg^; H^; bgy > bgy . These hypotheses 
are analogous to those of Subsection 2.b above. Since b^y = 
-114.4679 is significant at approximately a = .10 in a one-
tailed test, the above null hypothesis may be rejected. The 
estimates bgy = 2.1^54 and bgy = 116.6133 derived from the 
—u 
coefficients of liquation 3.30 result in elasticities e,p^2 -
.001 and = .001 for upswings and 6^62 = .07I and = .055 
for downswings. In summary, statistical evidence supports 
(footnote continued from previous page) choice indicators the 
cattle and calf prices prevailing at the time when the deci­
sion to breed or not to breed is made. In view of the low 
marginal cost of obtaining a calf from an already available 
cow, profit maximization would otherwise almost always require 
to breed all available cows. 
^The estimates of the correlation coefficients between 
these two "original variables" and "deviation variables" are 
.9945 and .9883, respectively. 
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the statement that the effect of changes in the lagged price 
of slaughter calves upon the number of calves available is of 
statistical and economic significance only during downswings. 
4. Cow and heifer inventory, (t) 
a. Hq: b^y = k; b^^ = f(t) with f*(t) > 0^ This 
null hypothesis states that the marginal calf availability 
rate b^y does not change secularly; tl.e alternative hypothesis 
2 
says that it does change. The marginal calf availability 
rate is defined as the coefficient of x^y(t) in a linear re­
gression equation with ygL(t) as the dependent variable. To 
make the above null hypothesis amenable to a statistical test, 
we express b^y as a function of time. We thus obtain b^y(t) = 
a° + a°t, where t refers to time. Time is for ease of compu­
tation set at -18.5 for 1925, -17.5 for 1926, ..., and 18.5 
for 1962. Hence, the original regression model y^^(t) = b^ + 
+ e(t) is changed into y^oft) = b^ + a^x^^ft) + 
a°tX4y(t) + e(t). The above hypotheses now become Egia^ = 0 
and a^ > 0, respectively. 
À procedure for testing the null hypothesis is to test 
If'(t) is the partial derivative of f(t) with respect to 
time; k is a constant. 
^By the definition of economic secularity commonly 
accepted by economists, this formulation does not exclude the 
possibility that b^m assumes different values during differ­
ent phases of the cattle cycle. 
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the statistical significance of a^. This is done by means of 
a one-sided t-test on the estimated coefficient cf D^y(t), 
where D^y(t) = tx^y(t). 
The estimate of the coefficient and its standard error 
are a^ = ,00386 and Sg^o = .0008874. The calculated t = 4.35 
Indicates statistical significance of a^ at a < .0005. There­
fore, we have to reject the null hypothesis and may accept the 
above alternative hypothesis. 
Prom b^y(t) = .72279 + .00386t (where t has been defined 
—o 
above), we calculate, for example, b^y(1925) = ,6513° and 
5^^(1962) = .79420. This indicates that the secular marginal 
calf availability rate Increased linearly from about .65 to 
about .80 during the period studied. It should be noted that 
these figures do not take into account cyclical variations of 
b^y(t), which may occur additionally. 
As factors directly contributing to the secular rise in 
b^y(t) may be taken an increase in the fertility rate of cows 
and heifers and/or a decrease in the death losses of calves. 
These two factors in turn are probably mainly due to progress 
in cattle breeding, in veterinary hygiene, and in management 
practices. The magnitude of a^ = .OO386 amounts to an annual 
increase of about four available calves per 1,000 cows and 
heifers on farms as of January 1. This value may be realistic 
for the period investigated, but it can not stay that high 
for several decades in the future without raising b^y(t) to 
125 
unreallstically high levels. 
ou od ou od 
b. HQ; h^; The null hypothesis 
is that the marginal calf availability rate b^y is a constant 
or a smoothly increasing (i.e. linear) function of time. Ex­
pressed more explicitly, the marginal calf availability rate 
is the same during upswings as during downswings. The alterna­
tive hypothesis specifies that it is larger during upswings 
than during downswings. 
No matter whether or not it is correct to reject the null 
hypothesis in Subsection 4.a above, in testing the present 
null hypothesis we may restrict ourselves to working with data 
which are deviations of the observed time series from their 
respective trend values. We therefore may replace all co­
efficients with superscript ° by coefficients without such a 
superscript. 
A procedure for testing the present null hypothesis under 
the jth division of the cycle is to regress y^gft) on x^y(t) 
and or and to test the significance of b^yj or b^^j. 
This follows from the relation b^"^ = b^ + b^^^ or b^^ = b^ + 
b^^^. If the test leads us to reject the hypothesis K^: b^^j 
or b^y"^ = 0, we have to reject the original null hypothesis 
and may accept its alternative. 
The results of the estimation for the two Cycle Divisions 
B and A are given in Equations 3.31 and 3.32, respectively. 
Only b^y"^ of Equation 3.32 reaches with a = .15 an acceptable 
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level of probability of type I error in a one-sided test. 
This enables us, however, to reject the null hypothesis and 
to accept the original alternative hypothesis. 
The average coefficient b^ = .1723 computed from Equa­
tions 3»26 and 3.32 indicates that an increase (a decrease) in 
the cow and heifer inventory of 1,000 head will ceteris pari­
bus lead to an increase (a decrease) in the number of calves 
available that is about I72 larger during an upswing than 
during a downswing. Equivalently, the above-mentioned in­
ventory change will ceteris paribus lead to a change in the 
number of calves available of about 757 head during an up­
swing and about 585 during a downswing. The corresponding 
elasticities are e'p62 = .912 and e^ = .977 for upswings and 
®T62 ~ .712 and ëjf = .759 for downswings. 
The positive values of b^ are plausible if they are 
taken as an indicator of the increased efforts of cattle grow­
ers to have more calves available for raising and/or slaughter 
during upswings. In other words, they may be taken as an in­
dicator of the cattle growers* striving to maximize profits. 
However, positive values of b^ seem less plausible if other 
conditions are taken into account under which the expansion of 
the aggregate inventory of cows and heifers takes place during 
an upswing. While the actual and expected slaughter cattle 
prices are relatively high, the average rate of expansion of 
the cow and heifer inventory exhausts to a high degree the 
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potential breeding material. If farmers increase the cow and 
heifer inventory under these conditions by an additional 1,000 
head, they will have tc add heifers or keep mainly older cows 
that have a relatively low marginal calf availability rate. 
(During downswings, more of these heifeis and cows are 
slaughtered.) Weighing both arguments against each other, it 
is unclear whether b^y can be of a significant magnitude. 
The approximate 95 percent confidence interval for b^y = 
.6999 of liquation 3.24 is .56 < bj[|,y < .84. It has to be 
interpreted in the following way; If we have many samples 
from the same population of data and if we compute confidence 
limits on a 95 percent confidence probability basis from each 
sample, then these limits will enclose the true population 
parameter bi^.^ in 95 percent of all cases. 
In comparing predictions from the equations with and 
without a dummy variable it is found that the deviations 
of y^^Ct) from the predicted values show a slightly more pro­
nounced cyclical pattern in the equations without a dummy 
variable than in the equations with a dummy variable. There­
fore the best predictions may be obtained by using different 
equations for different phases of the cattle cycle. 
5. Lagged hay production, x^gft) 
a. Hp; byg = 0; K^r b^g > 0 The null hypothesis 
states that the lagged total production of all types of hay 
has no effect upon the number of calves available. The 
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alternative hypothesis admits of a positive effect. 
The null hypothesis may be rejected because the estimates 
of the b-^g-coefficients, which are recorded in Equations 3»33 
and 3.3^» are lowly significant (a = .20 and .12, respec­
tively) . 
The variable Xyy(t) and its lagged value Xyg(t) are taken 
as indicators also of the supply of feed from pasture. This 
way of incorporating the supply of all types of forage feeds 
is more meaningful than the inclusion of an index of the range 
and pasture feed condition^ or of any weather variable. Both 
variables rain in importance in dry years with large reduc-
2 tions in the supply of forage. 
6. Intercept, Xq 
The null hypothesis is that the function explaining the 
number of calves available does not undergo shifts during 
various phases of the cattle cycle; in particular, ; 
bq = bq. An alternative hyuothesis is that the function 
shifts upward during upswings; that is, b^ > bo. 
ISuch an index is not a statistical estimate; it is 
rather a strictly subjective figure reported by farmer re­
porters. Furthermore, the national index is an unweighted 
average of the state indices. On the performance of a re­
gional index, see Subsection lV.B.3.a. 
^If drought occurs early in spring or summer, a reduction 
in forage supply may cause a reduction in the same year's 
number of available calves. But it is probably realistic to 
assume that this contemporaneous effect is of minor importance 
relative to its future effect. 
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A procedure for testing the null hypothesis is to fit an 
equation whose set of explanatory variables includes also a 
dummy variable Dq and to test the hypothesis Hg: b^^ = 0 
against b^^ > 0. 
The average coefficient b^^ = 918.816^ indicates that the 
number of calves available for the United States as a whole 
will .ceteris paribus be about $19,000 larger during upswings 
than during downswings, with a cow and heifer inventory, pre­
dicted from a regression of x^y(t) on time, of approximately 
<4-8,5 million head for 1962, bhis amounts to a difference of 
about two calves per 100 cows and heifers. For earlier years 
with a smaller inventory of cows and heifers, the change runs 
as high as approximately three calves per 100 cows and 
heifers. 
The bQ^-coefficients are in one-sided tests significant 
or highly significant in all selected equations. We therefore 
reject the subsidiary null hypothesis b^^ = 0 and with it 
the original null hypothesis. 
The introduction of an intercept-shifting dummy variable 
2 increases the fi -values slightly, liquations with an intercept 
shifter should therefore show a slightly improved performance 
in prediction. There is probably no improvement in years 
close to the turning points. 
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7. Summary 
The independent equation explaining y5^(t), the number 
of calves available, was the first to be estimated in this 
analysis. This is the reason why a considerable amount of 
work was put into experimenting with dummy variables for three 
explanatory variables and two different divisions of the 
cattle cycle. In Table 5» selected numerical estimates are 
presented. The main results are: the cow and heifer 
inventory, explains 73 percent of the variance of the 
number of calves available. The inclusion of other explana­
tory variables, including dummy variables, leads to only 
2 
modest increases in the values of E . Cycle Division A gives 
in the equations explaining y^g(t) by and large better results 
than Cycle Division B. 
F. Variables in Selected equations aixplaining y^^ft), 
Cattle Price, Calf Price, and y^ft), '• 
Gross Farm Income from Cattle and Calves 
1. Variables in selected equations explaining 
yo](t), the slaughter cattle price received by farmers 
a. Cattle slaughter, y28(t) The coefficient of this 
endogenous variable is statistically highly significant in all 
equations presented in Table 6. Furthermore, 033 is always 
smaller than.zero as expected. From the average coefficient 
C28 = -.00112, we calculate that a change in the other direc­
tion in the annual supply of slaughter cattle of approximately 
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Table 6. U.S.A., Estimated iinit effects aid average elasticities o: 
the price of slaughter cattle received by farmers 
Equa­
tion 
number 
728(t) 
Cattle 
slaughter 
7311 (t) 
Live 
weight 
of cattle 
X9L(t) 
Lagged 
cattle 
price 
X3^(t) 
Lagged 
net imports 
of cattle production 
X87(t: 
Corn 
price 
3.37 -.00115 
( .00021;) 
.00319 
(.03921) 
.122llt 
(.13360) 
7.655( 
(1.600( 
3.38 -.00130 
(.00021) 
.00855 
(.01.3110 
-.00001 
(.00001;) 
3.595: 
(1.1856 
3.39 -.00132 
(.00015) 
8.14115 
(.8759 
3.10 -.00116 
(.00023) 
.12501; 
(.13133) 
7.5Y6C 
(l.2l;5ij 
3.11^ -.00111 
(.00019) 
.09181: 
(.01527) 
-.00161; 
(.0011.5) 
9.1079 
(1.0865 
3*h2 -.00067 
(.00021) 
.05735 
(.02296) 
.27972 
(.16526) 
-.00068 
(.00166) 
7.2765 
(1.6709 
Average: 
-.00112 .01098 .17563 -.00116 -.nnoni 8.101:1; 
Elasticities; 
®T62 -1.310 1.322 .172 -.030 -.051; .511; 
-1.607 3.016 .170 -.036 -.071^ .627 
^Based upon Cycle Division A. 
icities of variables in selected equations explaining 
xgylt) 
Corn 
price 
x^(t) 
Total 
disposable 
income 
xi7(t) 
Supply 
of other 
meats 
^0 
Intercept 
D: 
Intercept 
charge 
Coefficient 
of deter­
mination 
7.65566 
(1.60003) 
.06001 
(.02119) 
-.00039 
(.00038) 
0 
(.27533) 
.84 
8.59536 
(1.18565) 
.06692 
(.02364) 
-.00046 
(.00041) 
0 
(.27861) 
.84 
8.1).lli56 
(.87594) 
.07060 
(.00969) 
-.00042 
(.00028) 
0 
(.27061) 
.84 
7.57602 
(1.24547) 
.06130 
(.01379) 
-.00037 
(.00028) 
0 
(.27102) 
.84 
9.10791 
(1.08656) 
.97588 
(.66343) 
-1.48334 
(.88776) 
.73 
7.27659 
(1.67096) 
0 
(.31496) 
.73 
8.101:43 .06471 -.00041 
-1.48334 
.514 .943 -.334 
.627 .812 -.432 
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893>000 head is required in order to change the cattle price 
by one dollar per hundredweight. The magnitudes of the elas­
ticity estimates indicate that a given increase (decrease) in 
the supply of slaughter cattle will ceteris paribus result in 
a percentage-wise larger decrease (increase) in the current 
cattle price and, hence, in the gross farm income from cattle 
and calves. 
b. Average live weight of slaughter cattle, yg^Xt) 
The coefficient of the average live weight of cattle slaughtered 
under federal inspection is highly significant in only twc 
equations. It is positive in all selected equations which 
contain y^^(t). The correct direction of the predicted change 
is difficult to determine. If the average live weight in­
creases (decreases) while other things remain constant, one 
would expect the slaughter cattle price to decrease (increase) 
because a change in the live weight of slaughter cattle 
amounts to a change in the same direction in the supply of 
beef. 
In Figure 4 of Chapter II we see that increasing values 
of y^i^(t) occur mainly during upswings and decreasing values 
during downswings. We may therefore assume that the negative 
effects of live weight changes on the cattle price are out­
weighed by the positive effects of other factors. Such fac­
tors are probably the number and the quality of cattle 
slaughtered. 
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0. Lap-ged slaughter cattle price, xg4(t) = 
.27972 of liquation 3.42 is the only b^^-coefficient which is 
significant in a one-sided t-test. The coefficient of this 
lagged endogenous variable indicates the tendency of the 
cattle price to move in the same direction for a number of 
years. 
d. Lagged net imports of cattle, x^y(t) b^y = 
-.00164 of liquation 3 «41 is the only coefficient in the 
selected equations which is in a one-sided test lowly signifi­
cant at approximately a = .14. The other coefficient is not 
significant. On comparing the average coefficient b^y = 
-.00116 with the average coefficient C28 = -.00112, we see 
that both coefficients are of the same order of magnitude. 
This is as expected because the origin of the cattle should 
hardly have any appreciable effect upon the slaughter cattle 
1 price. 
^This comparison sheds light upon recent discussions 
about who is to be blamed for the slump of slaughter cattle 
prices in I963 and 1964. It enables us tc say that what 
matters in the determination of the slaughter cattle price is 
ceteris paribus the size of the supply of slaughter cattle 
and not their origin. 
In 1962, the unusually large net imports of cattle 
amounted to 1,231,000 head. Host of them appeared on the 
slaughter cattle market in i963. If the I962 net imports had 
been zero, the I963 slaughter cattle price would have been 
approximately 1.43 dollars iDer hundredweight higher, according 
to the average coefficient. If the prediction is based upon 
the largest estimate, the difference is 2.02 dollars per 
hundredweight. It would have been 21.33 or 21.92, respec­
tively, instead of 19.90 dollars per(continued on next page) 
13^ 
e. Hay production, xyy(t) The statistical tests 
result in no significant b^y-coefficient. This at first sight 
comes as a surprise because it is well known that drought 
years cause a reduction in the production of hay, an increase 
in the number of cattle slaughtered, and, hence, a reduction 
in the slaughter cattle price. However, the nonsignificance 
of byy in equations explaining the slaughter cattle price is 
plausible if we take into account that the production of hay 
has a significant effect upon the number of cattle slaugh­
tered (Table 9). The number of cattle slaughtered in turn 
affects the price of slaughter cattle significantly. In other 
words, the production of hay has no significant direct effect 
upon the slaughter cattle price, but probably has a signifi­
cant indirect effect upon it via other variables. 
f. Corn price, xgy(t) The coefficient of xgy(t), the 
corn price received by farmers, is highly significant in all 
selected equations. Since the corn price is inversely related 
with the profitability rate for the cattle enterprise, an in­
crease (a decrease) in the price of corn will ceteris paribus 
lead to a reduction (an increase) in the supply of slaughter 
cattle. This in turn leads to or is associated with an 
(footnote continued from previous page) hundredweight. How­
ever our model also predicts that the same price increase 
could have been achieved by reducing the supply of slaughter 
cattle of domestic origin by approximately the magnitude of 
the lagged net imports. 
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increase (a decrease) in the price of slaughter cattle. There­
fore, the sign of the above bgy-coefficient is correct. 
g. Total disposable personal income, x^(t) The 
coefficient of this variable is highly significant in all 
selected equations. It may be interpreted as the effect of a 
change in the demand for beef due to a change in the total 
disposable income upon the current slausrhter cattle price, 
h. Supply of other meats, X]_y(t) The coefficient of 
reaches in one-sided tests satisfactory significance 
levels in all selected equations. 
i. Intercept, Xp Only in one equation can an almost 
significant intercept change be observed. The predicted 
change is downward during upswings and upward during down­
swings. 
.1. Summary Models that are linear in the coeffi­
cients and in the variables give a satisfactory explanation 
of the variance of the current slaughter cattle price received 
by farmers. The gain in information from the inclusion of an 
intercept-shifting dummy variable is negligible. Therefore 
no tests about nonlinearities in the coefficients of variables 
are made. 
The highest significance levels are observed for y28(t), 
the current cattle slaughter, xgy(t), the corn price received 
by farmers, x^(t), the total disposable income, and x^yft), 
the supply of other meats. The coefficients of the latter two 
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variables indicate the degree of dependency of the cattle-
producing sector upon the level of economic activity in the 
economy as a whole and upon competing sectors within agricul­
ture, respectively. The aoproximately equal magnitude of the 
unit effects of total cattle slaughter and of lagged net im­
ports of cattle, i*®* of cattle of foreign origin slaughtered, 
indicates clarifyinp-ly that the number of cattle slaughtered 
and not their origin is a major price-determining factor. 
2. Variables in selected equations explaining 
yg$(t), the price of slaughter calves 
a. Total calf slaughter, y^^ft) The c^^-coefficient 
is significant in two out of three selected equations. The 
sign of the predicted change is not in agreement with the evi­
dence shown in Figure 5 of Chapter II. However, this lack of 
agreement does not necessitate the rejection of the above 
estimates, the reason being as follows: Kach c^^-estimate 
above is a partial regression coefficient which, by its very 
definition, quantifies the effect of the number of calves 
slaughtered on the calf price. It may well be positive, but 
may be outweighed by the sum of the effects of changes in 
other variables. 
b. Average live weight of calves, y^^(t) The pre­
dicted effect of the average live weight of calves slaughtered 
under federal inspection upon the price of slaughter calves 
received by farmers is significant in one and highly signifi-
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Table ?• U.S.A., Estimated unit effects and average elasticity( 
explaining t'le price of slaughter calves received by f; 
Equa­
tion 
number 
733(t) 
Calf 
slaughter 
735(t) 
live 
weight 
of calves 
X94(t) 
Lagged 
cattle 
price 
xyy(t) 
Hay 
production 
xi7(t) 
Supply 
of other 
meats 
x' 
t'< 
disp< 
in< 
3.ij3 .00111 
(.000it9) 
-.36570 
(.11634) 
1.05245 
(.12811) 
.00015 
(.00006) 
.00036 
(.00060) 
-.20827 
(.12410) 
.97575 
(.14024) 
.00035 
(.00042) 
3.15* .00111 
(.00063) 
-.14953 
(.14549) 
1.18383 
(.15825) 
.00013 
(.00007) 
.00036 
(.00049) ( 
Average; 
.00086 -.34117 1.07069 .00017 .00036 -
Elasticities: 
®t62 .387 -3.056 .949 .830 .266 -
.58$ -4.551 .910 1.105 .332 -
^Based upon Cycle Division A, 
ge elasticities of variables in selected equations 
received by fanners 
xi7(t) 
Supply 
f other 
meats 
Xjft) 
Total 
disposable 
income 
Xo 
Intercept 
Intercept 
change 
Coefficient 
of deter­
mination 
0 
(.11716) 
.71 
.00035 
(.00012) 
.91807 
(.93785) 
-1.39516 
(1.21810) 
»66 
.00036 
(.OOOii?) 
-.03130 
(.01985) 
.76020 
(1.01053) 
-1.15550 
(1.3977k) 
.73 
.00036 -.03130 -1.27548 
.266 
.332 
-.i+li; 
-.3iiii 
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cant in two selected equations. The negative sign of the pre 
dieted response is as expected. An increase (a decrease) in 
the average live weight constitutes a change in the same 
direction in the supply cf veal which will ceteris paribus 
lead to a decrease (an increase) in the price of slaughter 
calves. 
c. Lagged slaughter cattle price, xg4(t) To infer 
from the statistical tests, this variable has a highly sig­
nificant effect upon the slaughter calf price received by 
farmers. The positive sign of the predicted response is 
correct. If the lagged cattle price increases (decreases), 
more (fewer) calves will be raised. Therefore, fewer (more) 
calves remain for slaughter. 
d. Kay production, xyy(t) The total production of 
all types of hay exerts a highly significant effect upon the 
calf price. The positive sign of the predicted change is 
correct if interpreted as follows: An increase (a decrease) 
in the total production of hay will ceteris paribus reduce 
(increase) the number of calves slaughtered. A reduction (an 
increase) in the number of calves slaughtered is ceteris 
paribus associated with an increase (a decrease) in the price 
of slaughter calves received by farmers, 
e. Supply of other meats, X2y(t) The t^^-coeffi-
cients are lowly significant in one-sided t-tests (a = .23 or 
smaller). The positive response of the slaughter calf price 
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is plausible according to the reasoning developed in Subsec­
tion G.2,h below. There we argue that an increase (a decrease) 
in the supply of other meats leads to a decrease (an in­
crease) in the number of calves slaughtered. The change in 
the supply of slaughter calves is ceteris paribus associated 
with a change in the opposite direction in the price of 
slaughter calves. 
f. Total disposable Income, x^(t) The estimate b^ = 
-.03130 of Equation 3«^5 is lowly significant (a = .13) in a 
two-tailed test. A negative value of b^ is plausible if ex­
plained as follows: Associated with the increase in the total 
disposable income was an increase in the per capita supply of 
veal.^ A shift in consumer preferences away from veal could 
also have been a factor causing a negative value of b^. 
g. Intercept, Xq Contrary to expectation, the pre­
dicted change in the intercept coefficient is negative, mean­
ing that the slaughter calf price is ceteris paribus lower 
during upswings than during downswings. However, Figure 5 of 
Chapter II shows that the calf price rises only during the 
earlier part of the upswings. During the later part, when 
^The coefficient of the per capita veal supply in a re­
gression on time for the period 1925 to I962 is ïï = .OO856. 
It indicates that the per capita veal supply increased by 
.00856 pounds annually. The time series on per capita veal 
consumption (U.S.D.A., 1964) increases on the average only 
till 19^4 and decreases thereafter. 
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farmers become perhaps more cautious about further expansions 
in the size of their herds, the slaughter calf supply in­
creases and slaughter calf nrices fall. In short, another 
cycle partition than the one employed would probably result in 
intercept changes that are of the expected sign. No such par­
ticularly tailored partition is made. The use of varying 
cycle partitions for various variables in the system of equa­
tions would greatly increase the number of predetermined vari­
ables. It might also introduce undesirable nonorthogonal-
ities. 
h. Summary The proportion of nonsignificant coeffi­
cients and of coefficients of the wrong sign in an equation 
increases with the number of variables included. 
3. Variables in selected equations explaining y]_(t), 
the gross farm income from cattle and calves 
a. Cattle slaughter, y^gft) The number of cattle 
slaughtered has a highly significant effect upon gross farm 
income from cattle and calves. The average coefficient 028 = 
-.298 indicates that a change in the cattle slaughter of one 
head is associated with a change in the gross farm income in 
the other direction of approximately 300 dollars. 
The direction of the predicted change is supported by the 
respective time series in Figure 4 of Chapter II. They show 
that, especially in the period after World War II, the farm 
income from cattle and calves and the number of cattle 
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Table 8. U.S.A., Estimated unit effects and average elasticities of var 
the gross farm inccxne from cattle and calves 
Equa­
tion 
number 
y28(t) 
Cattle 
slaughter 
733(t) 
Cal: 
slaughter 
y3l:(t) 
Live weight 
of slaughter 
cattle 
y93(t) 
Cattle 
price 
x6L(t) 
Lagged 
com 
supply 
X-j-jit) 
Hay 
produc ti on 
3.46 -.300 
(.062) 
-29.249 
(12.369) 
11.419 
(18.797) 
-.024 
(.013) 
3.47* -.312 
(.074) 
-22.262 
(16.553) 
-.018 
(.014) 
3.48 -.301 
(.062) 
-33.494 
(10.105) 
-.023 
(.013) 
3.49* .011 
(.080) 
5.115 
(13.033) 
163.422 
(30.356) 
-.007 
(.010) 
3.S0 -.383 
(.065) 
.353 
(.080) 
.449 
(.316) 
-.015 
(.011) 
3.51 -.363 
(.064) 
.330 
(.079) 
.386 
(.317) 
3.52 -.435 
(.059) 
-67.560 
(11.400) 
1.583 
(.371) 
-.047 
(.012) 
Average; 
-.298 
Elasticities: 
.342 -29.490 87.421 
163.422c 
.806 -.022 
®T62 -1.049 .511 -3.943 .263 .412 -.356 
-1.567 .972 -7.949 .320 .634 -.597 
&Based upon Cycle Division B. 
^Computed from the coefficients of Equations 3.Uô-3«l+8 only. 
°?rom Equation 3*k9 only. 
•^Computed from the coefficients of Equations 3.50 and 3«5l only. 
3 ti ci ties of variables in selected equations explaining y]^(t). 
XyyCt) 
Hay 
produc ti on 
X3(t) 
Total 
disposable 
income 
xi7(t) 
Supply 
of otiier 
meats 
Xo 
Intercept 
Intercept 
change 
Coefficient 
of deter­
mination 
-.02k 
(.013) 
ko.897 
(6.310) 
.147 
(.119) 
0 
(8k.791) 
.75 
-.018 
(.OIL) 
36.15? 
(8.571) 
.133 
(.112) 
156.316 
(30k.537) 
-270.000 
(50k.k23) 
.75 
-.023 
(.013) 
kl.658 
(6.]B3) 
.175 
(.103) 
0 
(83.951) 
.75 
-.007 
(.010) 
11.760 
(7.723) 
-.015 
(.086) 
63.9k3 
(222.kkk) 
-110.kk? 
(366.888) 
.37 
-.015 
(.011) 
35.519 
(3.827) 
-.113 
(.108) 
0 
(77.388) 
.80 
3k.085 
13.73k) 
-.121 
(.109) 
0 
(78.k72) 
.78 
-.ou? 
(.012) 
61.218 
(6.733) 
.02k 
(.09k) 
.001 
(67.673) 
.8k 
1 o
 
ro
 
37.370 .152^ 
-.117^ 
-190.22k 
-.356 
-.597 
1.638 
1.718 
-.287 
-.k5l 
Î 
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slaughtered are inversely related. The predicted sign of the 
change of farm income from cattle and calves is equal to the 
expected one if the elasticities of the price of slaughter 
cattle with respect to the number of cattle slaughtered are 
smaller than -1.0. These elasticities are e%^2 ~ -1.310 and 
3jvj = -1.60? (Table 6). 
b. Calf slaughter, y^](t) This variable, too, exerts 
a statistically highly significant effect upon the gross farm 
income from cattle rnd calves. A change in the number of 
calves slaughtered of one leads to or is associated with a 
change in the same direction in the gross farm income from 
cattle and calves of about 3^2 dollars. 
This estimated magnitude of change may be the effect of 
an increase (a decrease) in the price of slaughter calves that 
is associated with an increase (a reduction) in the number of 
calves slaughtered. This explanation is supported by the 
positive values of c?? in equations 3-^3 through 3*^5 ex­
plaining yo^(t), the price of slaughter calves received by 
farmers. 
The relatively large effect of the number of calves 
slaughtered on the gross farm income from cattle and calves 
can also be caused by a close positive association of changes 
in the number of calves slaughtered with changes in the gross 
farm income from cattle alone. The latter changes may be due 
mainly to changes in the slaughter cattle price while the num­
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ber of cattle slaughtered remains constant and vice versa. 
Positive values of in Equations 3.59 through 3.6I ex­
plaining the total calf slaughter support the first alterna­
tive. A positive association of ypgft), cattle slaughter, 
with y^^(t), calf slaughter, which is expressed in r^g = 
.5118, surports a modified version of the second alternative. 
c. Average live weight of slaughter cattle, y^^(t) 
All significant estimates of the c^^-coefficient are negative. 
The average coefficient = -29.490 indicates that the sup­
ply of each additional pound of live weight will ceteris 
paribus reduce the aggregate farm income from cattle and 
calves by about 1.10 dollars.^ The sign of the predicted 
change is plausible if we employ the following interpretation; 
If the average live weight of slaughter cattle increases 
(decreases) while other things remain constant, an increased 
(decreased) supply of beef results. This will ceteris paribus 
lead to or be accompanied by a reduction (rise) in the current 
slaughter cattle price. As will be reasoned in the following 
subsection, a reduction (an increase) in the price of 
^This figure was obtained as follows: the 1962-trend 
value for y28(t), total cattle slaughter, is 26.442 million 
head. Hence, a one-pound increase in the average live weight 
amounts to an increase in the total supply of live weight of 
26.442 million pounds. By dividing the estimated average co­
efficient c^ij, = -29.490 by 26.442, we obtain the above value. 
(We assume chat the relationships are the same for slaughter 
with federal inspection as without federal inspection.) 
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slaughter cattle results ceteris paribus in a reduction (an 
increase) in the gross farm income derived from sales and home 
consumption of cattle and calves. 
d. Current slaughter cattle price, yg^(t) For a 
constant supply of slaughter cattle, one would expect the 
elasticity coefficients to be of a magnitude of about one. 
The smaller magnitudes obtained are plausible if the reduction 
in the sunply of slaughter cattle, which is usually associated 
with a rise in the cattle price, is taken into account. 
e. Hay production, x^yft) The b^^-coefficient is 
negative in all equations for which at least tolerable Re­
values are obtained. A chance in the production of hay of one 
ton leads to a change in the gross farm income from cattle and 
calves of 220 dollars. 
Provided that the production of hay is exogenous, a posi­
tive value of the byy-coefficient is plausible. An increase 
in the production of hay and of other forage reduces the num­
ber of cattle slaughtered (Subsection G.l). A reduced number 
of cattle slaughtered is associated with an increased slaugh­
ter cattle price and an increased gross farm income from 
cattle and calves. According to this reasoning, a positive 
value of byy is expected. 
An exogenous increase in the production of hay will lead 
also to an increase in the average live weight of slaughter 
cattle. This in turn will ceteris paribus lead to a reduction 
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in the slaughter cattle price.^ Therefore, an exogenous in­
crease in the production of hay and forage may also lead to a 
decrease in the gross farm income from cattle and calves. 
If the production of hay is to the cattle-producing sec­
tor more nearly an endogenous variable than an exogenous one, 
the production of hay may change because of changes in the 
number of cattle on farms. Then it becomes even more diffi­
cult to determine the "correct" sign of b^y. 
f. Total disposable personal income, x^(t) The total 
disposable income is one of the most important exolanatory 
variables in the equations explaining y]_(t), the gross farm 
income from cattle and calves. We infer this from the reduc­
tion of the ri^-values if x^(t) is omitted. The b^-coefficient 
is highly significant in all selected equations but one. 
Approximately 3-7^ cents out of every dollar additional per­
sonal income go into the cattle farmers' pockets. 
g. Supply of other meats, x%y(t) The estimated b^y-
coefficient is positive or negative depending on the particu­
lar combination of other variables in the equation. The cor­
rect sign of the estimated coefficient is difficult to deter-
^This statement is only seemingly contradicted by the 
positive values of cjif. in equations explaining the price of 
slaughter cattle. In Subsection F.l, we argue that factors 
other than live weight changes are probably responsible for 
the predicted positive effect of live weight upon the price 
of slaughter cattle. 
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mine. If the supply of other meats increases, the number of 
cattle slaughtered will ceteris paribus decrease (Table 9)• 
This is an argument in favor of an increased cattle price and, 
hence, in favor of a positive value of b^y. If the cattle 
slaughter and other conditions remain constant, an increase 
in the supply of other meats will be accompanied by a reduction 
in the price of slaughter cattle (Table 6). In this case, a 
negative value of the b^y-coefficient is expected. 
h. Intercept, Xq The hypothesis that the intercept 
coefficient of the equation explaining yi(t)j the gross farm 
income from cattle and calves does not differ between upswings 
and downswings can not be rejected. On comparing Equations 
3.^7 and 3.4^, we see that, after rounding to two decimal 
points, the introduction of a zero-one intercept-shifting 
2 dummy variable leads to no appreciable improvement in the R -
value. It results, however, in an increase in the standard 
errors of the coefficients. 
i. Summary Models that are linear in the coefficients 
and in the variables perform in the equations explaining y^ft), 
the gross farm income from cattle and calves, at least as well 
as equations with nonlinearities in the intercept coefficient. 
Most of the estimated coefficients are statistically signifi­
cant and of the expected sign. The absolute values of some 
estimates and the elasticities derived therefrom indicate the 
large effects of a few variables like the slaughter cattle 
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price received by farmers, the number of cattle slaughtered, 
and the total disposable income upon the gross farm income 
from cattle and calves. 
G. Variables in Selected Equations Explaining the 
Number, the Live Weight, and the Net Imports 
of Cattle and of Calves Slaughtered 
1. Variables in selected equations explaining y28(t), 
the total number of cattle slaughtered, and y^gft), 
the number of cattle of domestic origin slaughtered 
a. Current slaughter cattle price, 793(t) The esti 
mates of the c^^-coefficient are larger than zero in all 
selected equations explaining 728(t) or y^gft) with the ex­
ception of Equation 3.53» 
À temporary change in the current slaughter cattle prie 
is ceteris paribus equal to a temporary change in the same 
direction in the profit rate obtainable from a cattle enter­
prise. Therefore a short run increase (decrease) in the cur 
rent slaughter cattle price will ceteris paribus lead to or 
associated with an increase (a decrease) in the number of 
cattle slaughtered. According to this reasoning a positive 
c^^-coefficient is expected in equations explaining either 
yggCt) or yjgft). 
A positive value is at least plausible if the inter-
dependencies between cattle slaughter and cattle price are 
taken into consideration. If cattle farmers respond to 
changes in y^^Ct) as outlined in the last paragraph, the 
Table 9» U.S.A., y3g(t): Estimated unit effects and average elasticities of varia 
cattle slaughtered, and the number of cattle of domestic origin slaughtei 
Equa­
tion 
number 
Explained 
variable 
y93(t) 
Cattle 
price 
X94(t) 
Lagged 
cattle 
price 
X37(t) 
Lagged 
net imports 
of cattle 
y34(t) 
Live 
weight 
of cattle 
x44(t) 
Inventory 
of all 
cattle 
X77(t) 
Hey 
production 
3.53* y28(t) -231.681 
(112.208) 
-29.757 
(113.934) 
-111.691 
(31.137) 
.090 
(.075) 
-.075 
(.025) 
3.51 728 292.485 
(121.445) 
-403.377 
(101.169) 
.406 
(.057) 
-.022 
(.026) 
3.55 728 ("t) 366.829 
(116.936) 
-438.614 
(94.327) 
.222 
(1.011) 
.471 
(.069) 
-.030 
(.024) 
3.56 y28(t) 222.592 
(135.057) 
-406.735 
(113.179) 
-1.757 
(.928) 
.302 
(.066) 
-.030 
(.029) 
Average : 162.556 -407.955 -1.757^ -111.691 .317 -.039 
Elasticities: 
2T62 
% 
.139 
.113 
-.341 
-.275 
-.038 
-.038 
-4.243 
-5.727 
1.183 
1.312 
-.181 
-.203 
3.57 402.593 
(240.779) 
-441.768 
(172.845) 
11.452 
(43.127) 
.532 
(.139) 
3.58 y38(t) 647.242 
(120.588) 
-604.242 
(103.785) 
59.844 
(12.480) 
.678 
(.062) 
Average: 524.918 -523.005 35.648 .605 
Elasticities: 
®T62 
% 
.459 
.374 
-.447 
-.361 
1.385 
1.868 
2.308 
2.559 
^Based upon Cycle Division A. 
^From Equation 3«56 only. 
ties of variables in selected equations explaining the total nunter o: 
gin slaughtered 
X77(t) 
Hay-
production 
x8i|(t) 
Lagged 
corn 
supply 
X3(t) 
Total 
disposable 
income 
xi7(t) 
Supply 
of ot&er 
meats 
X 
0 
Intercept 
• 
Intercept 0;' ,:etor­
cha;» ge .'diitx il Û*-
-.075 
(.025) 
2.89k 
(.639) 
80.364 
(18.126) 
404.435 
(392.720) 
-614.73." 
(543.263) 
-.022 
(.026) 
29.379 
(6.510) 
-.687 
(.197) 
0 
(163.55b) 
-.030 
(.021) 
1.910 
(.711) 
30.356 
(6.074) 
-1.227 
(.302) 
0 
(169.177) 
• 
-.030 
(.029) 
23.083 
(6.874) 
0 
(205.080) 
• •' 
o
 r 2.117 37.566 -.957 -clL.73^ 
-.181 
-.203 
.351 
.362 
.468 
.328 
-.667 
-.702 
1.739 
(.617) 
24.649 
(21.039) 
-1.458 
(.427) 
.001 
(172.347) 
1.298 
(.730) 
-1.809 
(.305) 
.002 
(173.379) 
. 
1.519 24.649 -1.634 
.225 
.232 
.3m 
.220 
-1.164 
-1.225 
1^8 
Table 9, U.S.A., y2g(t), yog(t): Estimated unit effects and average elasticities of variz 
cattle slaughtered, and the number of cattle of domestic origin slaughter 
Equa­
tion 
number 
Explained 
variable 
y93(t) 
Cattle 
price 
%94(t) 
Lagged 
cattle 
price 
X37(t) 
Lagged 
net imports 
of cattle 
y34(t) 
Live 
weight 
of cattle 
x44(t) 
Inventory 
of all 
cattle 
X77(t) 
Hay 
production 
3.53* y28(t) -231.681 
(lk2.208) 
-29.757 
(113.934) 
-111.691 
(31.137) 
.090 
(.075) 
-.075 
(.025) 
3.51; 728 (•t) 292.485 
(121.445) 
-403.377 
(101.169) 
.406 
(.057) 
-.022 
(.026) 
3.55 y28(t) 366.829 
(116.936) 
-438.614 
(94.327) 
.222 
(1.011) 
.471 
(.069) 
-.030 
(.024) 
3.56 y28(t) 222.592 
(135.057) 
-406.735 
(113.179) 
-1.757 
(.928) 
.302 
(.066) 
-.030 
(.029) 
Average : 162.556 -407.955 -1.757b -111.691 .317 -.039 
Elasticities: 
®T62 
% 
.139 
.113 
-.341 
-.275 
-.038 
-.038 
-4.243 
-5.727 
1.183 
1.312 
-.181 
-.203 
3.57 y38(t) 402.593 
(240.779; 
-441.768 
(172.845) 
11.452 
(43.127) 
.532 
(.139) 
3.58 y38(t) 647.242 
(120.588) 
-604.242 
(103.785) 
59.844 
(12.480) 
.678 
(.062) 
Average : 524.918 -523.005 35.648 .605 
Elasticities; 
®T62 .159 
.371 
-.447 
-.361 
1.385 
1.868 
2.308 
2.559 
^Eased upon Cycle Division A. 
^From Equation 3«56 only. 
îs of variables in selected equations explaining the total number of 
1 slaughtered 
X77(t) 
Hay 
)roduction 
x8k(t) 
Lagged 
corn 
supply 
%3(t) 
Total 
disposable 
income 
xi7(t) 
Supply 
of other 
meats 
X 0 
Intercept 
Intercept 
change 
Coefficient 
of deter­
mination 
-.075 
(.025) 
2.89k 
(.839) 
80.36k 
(18.126) 
kOk.k35 
(392.720) 
-61k.738 
(5k3.268) 
.8k 
-.022 
(.026) 
29.379 
(6.5ko) 
-.687 
(.197) 
0 
(183.556) 
.78 
-.030 
(.02k) 
1.9kO 
(.711) 
30.356 
(6.07k) 
-1.227 
(.302) 
0 
(169.177) 
.83 
1 
0
 0
 
0
 
23.083 
(6.87k) 
0 
(205.080) 
.73 
1 0
 
2.kl7 37.566 -.957 -6lk.738 
-.181 
-.203 
.351 
.362 
.k68 
.328 
-.667 
-.702 
1.739 
(.617) 
2k.6k9 
(21.039) 
-l.k58 
(.k27) 
.001 
(lY2.3k7) 
.83 
1.298 
(.730) 
-1.809 
(.305) 
.002 
(173.379) 
.82 
1.519 2k.6k9 -1.63k 
.225 
.232 
.31k 
.220 
-l.l6k 
-1.225 
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change in the number of cattle slaughtered may be so large as 
to outweigh entirely or almost entirely the original price 
change, j^.e. a price change of a duration of a few months. In 
annual data, we may therefore find a completely or almost com­
pletely unchanged cattle price associated with an increased 
cattle slaughter. 
The average coefficient C93 = 524.918 from Equations 3«57 
and 3«58 explaining the number of cattle of domestic origin 
slaughtered is more than three times as large as the average 
coefficient c^^ = 162,556 in the selected equations explaining 
the total number of cattle slaughtered. 
b. Lagged slaughter cattle price, Xg^ft) The b^^-
coefficient is negative in all equations and highly signifi­
cant in all but the first equation presented in Table 9. The 
sign of the predicted change is correct if it is interpreted 
in the longer run framework. The average response is again 
larger for y^gft) than for y^gft). 
The coefficients of the current and of the lagged cattle 
price may be combined and the combined coefficient interpreted 
as the effect of changes in the cattle price upon the total 
number of cattle slaughtered. This effect is negative in all 
equations explaining y28(t). Its significance levels are con­
siderably reduced in comparison with those of the separate 
coefficients. For example, in Equation 3.54 c^^c = -110.892 
results in a t-ratio equal to I.71. Hence, CA93 lowly 
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significant at a = ,10, The negative sign of the combined 
coefficients is correct only if the price changes are inter­
preted in the longer run framework, 
c. Lagged net Imports of cattle, x^y(t) The use of 
the predetermined variable x^y(t) instead of its corresponding 
endogenous variable y^5(t) rest upon a decision made in Sec­
tion A of the Aopendix, Only in Equation 3«56 is a lowly sig­
nificant (a = .07) negative b^y-coefficient obtained. The 
negative direction of the predicted response may be caused by 
omitted factors. These factors may be the same as those fac­
tors whose effect is quantified in the coefficient of an 
intercept-shifting dummy variable. (See Section B of this 
chapter.) This statement is supported by the fact that no 
significant intercept change can be obtained if the variable 
on the lagged net imports of cattle is included. The converse 
also holds true. A particular example of the above interpreta­
tion of the negative value of b^y is as follows; 
During upswings (downswings), the annual changes in the 
lagged net imports of cattle are mainly positive (negative). 
So are the changes in the current slaughter cattle price. At 
the same time, the supply of slaughter cattle of domestic 
origin decreases (increases) relatively more than the lagged 
net imports of cattle increase (decrease). Therefore an in­
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crease (a decrease) in the lagged net imports of cattle may 
well be associated with a decrease (an increase) in the total 
number of cattle slaughtered. 
d. Average live weight of cattle slaughtered under fed­
eral inspection, y^^(t) The fact that y^i^(t) does not 
refer to total cattle slaughter but merely to a part thereof 
explains probably the meaner results of the tests of hypoth­
eses about c^^. The c^ij,-coefficient is significant in three 
selected equations. However, it is negative in the equations 
explaining y^gft) and positive in the equations explaining 
As shown in Figure 4 of Chapter II, large numbers of 
cattle slaughtered are usually associated with relatively 
small values of the average live wei.rht and vice versa. This 
does not indicate, however, that c^ij, has to be negative in 
order to be acceptable because the direct effect of one vari­
able may be outweighed by the direct opposite effect of an­
other included variable and/or by the indirect opposite effect 
of an omitted variable. Negative values of the c^if-coeffi-
cients are, however, in agreement with the estimates dis­
cussed in Subsection G.^.a below. 
e. Inventory of all cattle and calves, x^^ft) The 
coefficient of this variable is highly significant in all 
selected equations with the exception of Equation 3»53« The 
predicted direction of the response in the equations explain-
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Ing YjQit) is the same as in the equations explaining 728(t)» 
the predicted magnitude, however, is almost twice as large 
for as for yggft). In both sets of equations, the pre­
dicted direction of the change is as expected. 
f. Hay production, xyy(t), and lagged corn supply, 
X32f(t) The t^y-Goefficient of two of the four selected 
equations with Xyy(t) reaches a satisfactory significance 
level. All estimates are negative as expected. This variable 
is of special importance for the prediction of the number of 
cattle slaughtered in drought years. 
The lagged corn supply shows a significant or highly sig­
nificant positive effect upon yggft) and y^gtt) in all 
selected equations. The elasticities, however, are smaller 
in the equations explaining y^gft) than in the equations ex­
plaining 728(t). 
g. Total disposable income, x^(t) This variable, 
together with %iy(t), the supply of other meats, more than any 
other variable discussed so far represents the influence of 
the demand for beef and, derived from it, the demand for cat­
tle upon the number of cattle slaughtered. Its coefficient is 
highly significant in all equations but one. The economic 
significance of the b^-coefficient lies in its demonstration 
of the dependence of the cattle-producing sector upon the 
level of economic activity in the economy as a whole. 
h. Supply of other meats, xi?(t) The coefficient of 
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this variable is statistically highly significant in all 
selected equations. It is also economically significant be­
cause it represents the effect on cattle slaughter of the 
supply of other meats that compete with beef for the con­
sumer's dollar. In this sense, x^yft) introduces the consump­
tion side into the equations explaining the number of cattle 
slaughtered. It introduces also the production side because 
hogs, sheep, and poultry compete with cattle for various 
feeds, labor, and other production facilities. 
The absolute magnitude of the response to changes in 
xiy(t) is larger in the equations explaining y?g(t) than in 
the equations explaining y^gft). This larger response may be 
due to the fact that cattle of domestic origin compete more 
than imported cattle for resources which are needed also in 
the production of hogs, sheep, and poultry. 
i. Intercept, Xq Equation 3*53 is the only selected 
equation in which b^^ = -61^.738 reaches with a = .14 a suf­
ficiently small level of probability of type I error in a one­
sided test. 
.1. Summary There are several variables that could 
singly or in combination be used as policy instruments for 
stabilizing the number of cattle slaughtered. The use of 
intercept-shifting dummy variables results in a negligible 
improvement in the explanation of the number of cattle slaugh­
tered. Therefore, no hypotheses about changes in other 
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coefficients are tested. Since relatively satisfactory levels 
p 
of R are reached in equations without dummy variables, the 
negative outcome of the use of dummy variables is no disadvan­
tage. To the contrary, it is advantageous because in simple 
linear models the problem of determining the phase of the cycle 
does not arise. 
2. Variables in selected equations explaining 
y^^(t), the number of calves slaughtered 
a. The number of calves available, y&g(t) Contrary 
to expectation, only the c^^-coefficient of liquation 3.6O of 
Table 10 is highly significant in a one-sided t-test. The 
direction of the predicted response is as expected. 
b. Current slaughter cattle price, yoqft) The 
coefficient of this endogenous variable is, in the order of 
the equations presented, significant, highly significant, and 
lowly significant (a = .24) in two-tailed tests. It is posi­
tive in all selected equations. If the rise (fall) in the 
current slaughter cattle price is due to a fall (rise) in the 
number of cattle slaughtered, it will be associated with an 
increase (a decrease) in the number of calves available. An 
increase,(a decrease) in the number of calves available will 
ceteris paribus lead to an increase (a decrease) in the number 
of calves slaughtered. Since this reasoning is based upon the 
realistic assumptions that cows and older heifers constitute 
a significant fraction of total cattle slaughter and that 
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Table 10. U.S.A., yoo(t): Estimated unit effects and average elasticities of • 
the number of calves slaughtered 
yo3(t) y96(t) y69(t) X94(t) X77(t) X37(t) 
Equa­
tion Cattle Calf Calves 
Lagged 
cattle Kay Corn 
number price price available price production 1 price 
3.59* 921.107 
(422.523) 
-863.133 
(328.107) 
.227 
(.183) 
-93.831 
(112.756) 
-.022 
(.026) 
2,165.522 
(1,183.402) 
3.60*1,337.098 
(369.404) 
-1,026,199 
(327.197) 
.422 
(.154) 
-186.756 
(104.418) 
-.037 
(.026) 
3.61 888.883 
(778.683) 
-836.799 
(708.958) 
.221 
(.289) 
-151.288 
1115.726) 
3,130.420 
(1,179.437) 
Average; 
1,040.029 -908.710 .290 -143.958 -.030 2,647.971 
Elasticities; 
®Tô2 2.113 -2.017 1.030 -.283 -.325 .339 
ej,j 1.352 -1.336 .879 -.180 -.287 .265 
&Based upon Cycle Division A. 
lies of variables in selected equations explaining 
87(t) XiyCt) xgft) Xo 
Supply Total Coefficient 
Corn of other disposable Intercept of deter­
rice meats income Intercept change mination 
.222 807.183 -1,226.918 .73 
.402) (341,6^4) (445.228) 
1,040.093 -1,580.940 .70 
(328.842) (415.912) 
.1|20 
-.278 3.716 .001 .70 
.437) (.2^3) (9.127) (187.356) 
.971 -.278 3.716 -1,403.929 
.339 -.i;5ô .109 
,265 
-.377 .060 
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therefore the number of calves available varies inversely with 
the number of cattle slaughtered, the positive values of c^^ 
may be accepted. 
c. Current slaughter calf price, yg&(t) The 0^5-
coefficient is highly significant in liquations 3.59 and 3.60 
and lowly significant in Equation J,6l. The negative sign of 
the estimates may be accepted for reasons developed in Subsec­
tion D.3 of this chapter. 
d. Lagged slaughter cattle price, xg^(t) Only = 
-186.756 of Equation 3.6O is significant; the other two sel­
ected estimates are only lowly significant. The negative sign 
of the estimates is acceptable if interpreted in the longer 
run. 
e. Corn price, xQyft) The estimated effect of the 
corn price received by farmers on the number of calves slaugh­
tered is significant in liquation 3-59 and highly significant 
in Equation 3.6I. The sign of the predicted change is as ex­
pected under profit-maximizing behavior of cattle producers. 
The results of the significance tests about the estimated 
coefficient add further support to the hypothesis that the 
profitability of the cattle enterprise is one of the most 
important factors governing the development of the cattle-
producing sector. 
f. Hay production, x^yÇt) To infer from one-sided 
t-tests, the total production of all types of hay has a lowly 
157 
significant negative effect upon the number of calves slaugh­
tered. The sign of the predicted response is correct, 
g. Corn price, xgyft) The selected estimates of bgy 
are positive and significant or highly significant. The 
direction of the predicted response is correct. The signifi­
cance levels of xyy(t) and xgy(t) are inversely related. 
h. Supply of other meats, xjyÇt) The only selected 
coefficient b^y = -.278 is lowly significant (a = ,18). The 
sign of this predicted response is plausible if interpreted in 
terms of changes in consumption and/or production. 
If viewed from the production point of view, an Increase 
(a decrease) in the supply of other meats with its accompany­
ing relatively large downward (upward) pressure upon the 
prices of other meats ceteris paribus improves (reduces) the 
relative profitability of the cattle enterprise. The prices 
of other meats most likely decrease (increase) more than the 
price of slaughter cattle if the supply of other meats rises 
(falls). Cattle farmers will therefore respond to an in­
crease (a decrease) in the supply of other meats by raising 
more (fewer) and selling for slaughter fewer (more) calves. 
Hence, the negative value of b^y is plausible. 
If viewed from the consumption angle, an increase (a de­
crease) in the supply of other meats, especially of poultry 
meats, and its concomitant downward (upward) pressure on the 
prices of these meats give incentives to consumers to substl-
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tute (replace) other meats for (by) veal. The slaughter calf 
price will consequently fall (rise). The lower (higher) calf 
prices will ceteris paribus induce cattle farmers to reduce 
(increase) the number of calves sold for slaughter. Eence, 
the negative value of b^y in the equations explaining y^^(t), 
the number of calves slaughtered, is also correct according to 
this reasoning, 
i. Total disposable personal income, x^(t) The 
coefficient b^ = 3.716 of Equation 3.61 is statistically not 
significant. 
j. Intercept, Xq The null hypothesis that there is 
no intercept change between upswings and downswings can be 
rejected with a very small (a < ,01) probability of type I 
error. The average coefficient b^^ = -1,403,929 indicates 
that ceteris paribus during an upswing about 1.4- million fewer 
calves are slaughtered than during a downswing. 
k. Summary We infer from the significance levels 
that price variables are the most important variables in equa­
tions explaining y^^ft), the total number of calves slaugh­
tered. Intercept changes are highly significant. On compar­
ing Equations 3.6O and 3.6l, which contain the same number of 
variables and for which equal H^-values are obtained, we see 
that the significance levels are, on the average over all co­
efficients in an equation, better in the equation with an 
intercept-shifting dummy variable than in the other equation 
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without such a dummy variable. This fact constitutes a re­
versal of the trend observed previously. 
3. Variables in selected equations explaining 
y^^(t), the average live weight of cattle 
slaughtered under federal Inspection^ 
a. Total cattle slaughter, y2g(t) The estimate of 
the C28~coefficient is smaller than zero and highly signifi­
cant in all selected equations. Figure 4 of Chapter II shows 
that cattle slaughter and average live weight are by and large 
inversely related. Hence, Figure 4 supports the negative 
values of the C28-coefficient. However, it is more difficult 
to develop theoretical support. 
In a short run context and under profit-maximizing 
behavior of a firm, a temporary increase (decrease) in the 
slaughter cattle price results in an increase (a decrease) in 
the number of cattle slaughtered and in an increase (a de­
crease) in the average live weight. According to this inter­
pretation, the sign of C28 is wrong. The same holds true if 
it is interpreted in a longer run theoretical framework. The 
negative values of C28 are, however, plausible if interpreted 
as follows: 
lln the period 1956 through 1962, 73.7 percent of the 
total number of cattle slaughtered were slaughtered under fed­
eral inspection. For 1951 through 1957, the average live 
weight was as follows: steers, 1,012 pounds; cows, 974 
pounds; heifers, 853 pounds. 
l6o 
Table 11. U.S.A., Estimated unit effects and average elasticities 
explaining the average live weight of cattle slaughtered 
Equa­
tion 
number 
y28(t) 
Cattle 
slaughter 
Cattle 
price 
Lagged 
cattle 
price 
XQktt) 
Lagged 
corn 
supply 
Xyytt) 
Hay 
production 
x^(t) 
Total 
disposât 
income 
3.62 -.00575 
(.00119) 
-1.81833 
(.6791k) 
.02377 
(.00517) 
-.00056 
(.00026) 
.660 
(.071 
3.03 -.005m 
(.00127) 
-l.lit217 
(.67678) 
.02115 
(.00579) 
-.00067 
(.00027) 
.63k 
(.078 
3.6lt -.0056k 
(.0012k) 
-2.12592 
(1.06216) 
.37958 
(.99838) 
.02371 
(.00555) 
-.00053 
(.00027) 
.652 
(.075 
3.6S* -.00555 
(.00156) 
-1.76007 
(.73727) 
.02308 
(.00661) 
-.00051 
(.00027) 
.657 
(.073 
Average: 
-.00>52 -1.90146 -l.lk21V .02375 -.00058 .651 
Elasticities: 
®T62 -.145 -.043 -.025 .091 -.070 .213 
% -.195 -.026 -.015 .069 -.053 .111 
^Based upon Cycle Division A. 
•age elasticities of variables in selected equations 
ittle slaughtered under federal inspection 
Xyytt) 
Hay 
I due ti on 
Xjlt) 
Total 
disposable 
income 
Xo 
Intercept 
Intercept 
change 
R2 
Coefficient 
of deter-
minati on 
-.00056 
(.00026) 
.66052 
(.07110) 
.00002 
(1.84754) 
.83 
-.00067 
(.00027) 
.63I3L 
(.07800) 
.00002 
(1.95873) 
.81 
-.00053 
(.00027) 
.65215 
(.07513) 
.00002 
(1.8727k) 
.83 
-.00051 
(.00027) 
.65706 
(.07396) 
.76512 
(4.37138) 
1.16347 
(6.00097) 
.83 
-.00058 .65109 
-.070 .213 
-.058 .111 
I6l 
Following an increase (a decrease) in the slaughter 
cattle price or a favorable (unfavorable) change in other 
factors that alter the longer run profitability outlook, 
individual cattle producers make decisions to offer more 
(fewer) cattle for slaughter. After a time lag in production, 
the slaughter cattle supply increases and the slaughter cattle 
price decreases. Then cattle producers realize that their 
original nrofit expectations have been too high. An increased 
number of slaughter cattle with little or no opportunity for 
other uses being available, the producers in this case tend to 
try to improve their economic position by reducing the live 
weight of slaughter cattle. In case profit expectations have 
been too low, cattle farmers tend to feed their cattle to 
heavier weights. In either one of these two cases, a negative 
value of the C28-coefficient is plausible.^ 
b. Current slaughter cattle price, yg^(t) The esti­
mates of the coefficients of this endogenous variable are 
negative and significant in all equations presented in Table 
11. The sign of the predicted change is acceptable if ex-
^This explanation may not be in agreement with reality if 
relatively short time periods are considered. The periods 
referred to are those weeks or months during which relatively 
large numbers of heavy cattle are sold for slaughter. These 
cattle are kept and fed unusually long in the expectation of 
improved cattle prices later. Since this analysis is based 
upon annual data, this and similar short period developments 
are of no particular concern. 
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plained In the same manner as 023 of the previous subsection. 
If the current slaughter cattle price decreases (increases) 
because of a relatively large (small) supply of slaughter 
cattle, cattle farmers who nave determined their supply of 
slaughter cattle on the basis of erroneous nrofit expectations 
will now tend to correct tneir earlier misjudgement of the 
market situation by reducing (increasing) the average live 
weight of slaughter cattle. Dhe negative values of are 
plausible under this explanation, 
c. Lagged slaughter cattle price, xg^(t) The only 
significant coefficient is b^^ = -1.1421? of ^^uation 3.63. 
The negative value of b^i| may be caused by the omission of 
y^^(t) from l^uation 3.63. (See Subsection C.l above.) 
d. Lagged corn supply, xg^(t) The estimate of the 
effect of the lagged corn supply on fariuS on the average live 
weight of cattle slaughtered under federal inspection is 
larger than zero and highly significant in all selected equa­
tions. The sign of the predicted change is acceptable under 
profit-maximizing behavior with corn supply being either a 
binding or a nonbinding restriction on the volume of cattle 
production. 
e. Play production, xyy (t) The total production of 
all types of hay has a statistically significant effect upon 
the avera^e live weight of cattle slaughtered under federal 
inspection. The sign of the predicted change is wrong. Since 
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its magnitude is small, the negative values of the byy-
coefficients need not deter us from accepting as useful the 
equations explaining the average live weight cf cattle 
slaughtered under federal inspection. 
f. Total disposable income, x^(t) The coefficient 
of this variable is nositive and highly significant in all 
selected equations. The only way in which this coefficient 
can be given economic meaning is tc interpret it as to effect 
of changes in the slaughter cattle price and/or in other vari­
ables and parameters that are due to changes in total dis­
posable income. 
g. Intercept, Xq The null hypothesis that the inter­
cept of the equations explaining y^^ft), the average live 
weight of cattle slaughtered under federal inspection, remains 
the same between upswings and downswings can not be rejected. 
h. Summary a relatively small number of variables 
suffices to explain the variation of y^^(t), the average live 
weight of cattle slaughtered under federal inspection. The 
variables whose estimated coefficients have the correct sign 
are cattle slaughter, current and lagged cattle price, lagged 
corn supply, and total disposable income. The estimated co­
efficient of hay production is of the wrong si^n and of eco­
nomically negligible magnitudes. No significant cyclical non-
linearities in the intercept coefficient are observed. 
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4, Variables in equations explaining y^^(t), 
the average live weigrht of calves slaughtered 
under federal inspectionl 
a. Total calf slaughter, 733(t) All c^^-coefficients 
presented in Table 12 are positive and highly significant. 
The direction of the predicted change is correct. (See Figure 
5. ) 
b. Current slaughter cattle price, 793(t) All sel­
ected estimates of the c^^-coefficient are positive and highly 
significant or significant. The sign of the predicted response 
is acceptable if interpreted as follows: 
An increasing (decreasing) slaughter cattle price is 
usually associated with a decreasing (an increasing) supply 
of slaughter cattle (see Subsection F.l). A reduction (an in­
crease) in the supply of slaughter cattle leads ceteris paribus 
to an increase (a decrease) in the supply of slaughter calves 
because a fair proportion of all cattle slaughtered are cows 
and heifers. (Cn the average for 1959 through I962, cows 
constituted 21.5 percent and heifers of both age groups 21.7 
percent of cattle slaughtered under federal inspection.) As 
calf slaughter increases (decreases), the average live weight 
of calves slaughtered under federal inspection also increases 
(decreases). (See Figure 5.) 
Ipor the period 1956 to I962, 60.5 percent of the total 
number of calves slaughtered were slaughtered under federal 
inspection. 
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Table 12. U.S.A., yo^Ct): Estimated unit effects and average elasticities of vari 
average live wei^t of calves slaughtered under federal inspection, and 
Equa­
tion 
number 
Explained 
variable 
Cattle 
price 
y96(t) 
Calf 
price 
728(t) 
Cattle 
slaughter 
y33(t) 
Calf 
slaughter 
xpkft) 
Lagged 
cattle 
price 
X77(t) 
Hcçr 
produc ti on 
3.66®' il .90093 
(2.12820) 
-4.23208 
(1.89822) 
.00306 
(.00114) 
.00021 
(.00011) 
3.67b 5.87803 
(2.06720) 
-5.0933k 
(1.85876) 
.00236 
(.00089) 
.00023 
(.00011) 
3.68 735!^) 6.90055 
(1.96519) 
-6.01517 
(1.76300) 
.00161 
(.00071) 
.00021 
(.00011) 
Average: 5.89317 -5.11353 .00235 .00022 
Elasticities: 
^T62 
% 
.597 
.387 
-.571 
-.383 
.118 
.120 
.120 
.107 
3.69b y36(t) 7.90783 
(21.92756) 
-.07038 
(.02831) 
-56.71815 
(19.k6550) 
.00829 
(.00509) 
3.70b y36(t) -.07515 
(.02515) 
-53.21061 
(11.76176) 
.00805 
(.00171) 
3.71 y36(t) -.08130 
(.02153) 
-53.6^077 
(II.6OOOU) 
.00768 
(.00160) 
Average: 7.90783 -.07561 -55.19981 .00801 
Elasticities: 
ëT62 
% 
.277 
.237 
-3.098 
-3.252 
-1.889 
-1.603 
1.510 
1.779 
&Based upon Cycle Division B. 
^Based upon Cycle Division A. 
ties of variables in selected equations explaining y^^(t), the 
and the net imparts of cattle and calves 
XyyCt) 
Hay 
produc ti on 
XYfit) 
Supply 
of other 
meats 
xgtt) 
Total 
disposable 
income 
xo 
Intercept 
1 
Intercept 
change 
R2 
Coefficient 
of deter­
mination 
.00021 
(.00011) 
-2.05853 
(1.95446) 
3.55567 
(3.U8607) 
.69 
.00023 
(.00011) 
-1.75575 
(1.69528) 
2.66877 
(2.25634) 
.66 
.00021 
(.00011) 
0 
(.82294) 
.65 
.00022 3.11222 
.120 
.107 
.00829 
(.00509) 
-.01743 
(.04056) 
4.01309 
(1.51926) 
-50.29516 
(79.7093B) 
76.44879 
(108.92524) 
.49 
.00805 
(.00171) 
3.S4417 
(1.33309) 
-28.40161 
(66.12800) 
43.17090 
(86.25472) 
.46 
.00768 
(.00460) 
3.95857 
(1.29756) 
.00009 
(33.59655) 
.48 
.00801 
-.01743 3.93861 59.80985 
1.510 
1.779 
-.ii97 
-.550 
2.010 
1.481 
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If the slaughter cattle price rises (falls), the slaugh­
ter calf price also tends to rise (fall)Cattle farmers 
tend to respond to these slaughter calf price changes by feed­
ing their slaughter calves to heavier (lighter) weights. 
Thus, an increase (a decrease) in the current slaughter cattle 
price can well be associated with an increase (a decrease) in 
the average live weiprht of calves slaughtered under federal 
inspection. 
c. Slaughter calf price, yg&(t) All estimates of the 
CQg-coefficient in equations explaining y^^(t), the average 
live weight of calves slaughtered under federal inspection, 
are negative and highly significant or significant. The nega­
tive sign of the predicted change is wrong if interpreted in 
the framework of the microtheory of production. It is accept­
able, however, if interpreted as follows: 
If the slaughter calf price increases (decreases), cattle 
producers ceteris paribus tend to increase (decrease) the aver­
age live weight of slaughter calves. If the price rise (fall) 
is associated with a decrease (an increase) in the number of 
calves slaughtered, the average live weight of slaughter 
calves will concomitantly decrease (increase).^ If this 
^Compare Figures 4 and 5. The estimated correlation 
coefficient r^^ ^6 ~ .99^3. 
2ln Figure 5 of Chapter II, we see that the number of 
calves slaughtered and the average live weight of calves 
usually move in the same direction, (continued on next page) 
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decrease (increase) in the live weight of slaughter calves 
outweighs the increase (decrease) of the live weight caused by 
slaughter calf price increases (reductions), negative values 
of in equations explaining the average live weight of 
calves slaughtered under federal inspection are plausible. 
d. Hay production, X n n { t )  In one-sided tests, hay 
production possesses a statistically highly significant posi­
tive effect upon the average live weight of calves slaughtered 
under federal inspection. The predicted change is in the cor­
rect direction, but is negligible in magnitude. 
e. Intercept Xq The intercept changes are lowly sig­
nificant in one-sided tests, b^^ = 3.11222 indicates that the 
average live weight of calves slaughtered under federal in­
spection is ceteris paribus about 3«11 pounds larger during 
upswings than durin? downswings, 
f. Summary A relatively small number of variables 
exnlains about two thirds of the variance of y^^(t), the 
average live weight of calves slaughtered under federal in­
spection. The inclusion in the equations of more variables 
p 
leads to small increases in the values of fc at the cost of a 
reduction in the significance levels of the included variables. 
(footnote continued from previous page) The positive values 
of c^^ in the equations explaining y^^(t) also s import this 
statement. (See Table 12.) Negative values of cog in equa­
tions explaining y^qft) indicate thst a rise in tne slaughter 
calf price is usually associated with a reduction in the num­
ber of calves slaughtered under federal inspection. (See 
Table 10.) 
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5. Variables in equations explaining 735(t), 
the net imports of cattle and calves 
a. Cattle slaughter, 728(t) The total number of 
cattle slaughtered has a highly significant effect upon the 
net imports of cattle and calves. The average coefficient 
Cog = -.07561, computed from the coefficients of equations 
3.69 to 3.71 of Table 12, indicates that if cattle slaughter 
increases (decreases) by one million head, the net imports of 
cattle and calves to be slaughtered mainly in the year follow­
ing their importation will ceteris paribus decrease (increase) 
by about 75,600. The corresponding elasticities are e%^2 = 
"3«098 and e|vi = -3.252. 
b. Current slaughter cattle price, yg3(t) According 
to the nonsignificant coefficient c^^ = 7.90783 of liquation 
3.69, an increase in the current slaughter cattle price of 
one dollar per hundredweight will ceteris paribus lead to or 
be associated with an increase in the net imports of cattle 
and calves of approximately 7,900 head. The elasticities 
derived therefrom are e^^g ~ .277 and ej^j = .237. The sign of 
this predicted change, too, is as expected. 
c. Larged slaughter cattle price, Xo^ft) This vari­
able exerts a highly significant effect upon the net imports 
of cattle and calves. However, no explanation of the negative 
sign of b^^-coefficient can be found. 
d. Hay production, xyy(t) The estimated coefficient 
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of hay production is approximately significant in one-sided 
tests In all three selected equations. The positive direction 
of this response is plausible. If hay production and forage 
supply Increase (decrease), more (less) forage is available 
also for the feeding of imported cattle during one winter. 
At the same time, feeder and slaughter cattle prices will be 
more (less) favorable for exporting countries because under 
the above conditions cattle farmers in the United states tend 
to sell fewer (more) cattle for slaughter. 
e. Supply of other meats, X]_'^(t) The coefficient 
- -.01743 of Equation 3.69 is not significant. It 
possesses, however, the correct sign because, as shown in 
Table 6, an increase (a decrease) in the supply of other meats 
leads ceteris paribus to a decrease (an increase) in the price 
of slaughter cattle. Hence, it results in a reduction (rise) 
in the nrice of feeder cattle. This in turn reduces (im­
proves) the incentives for importing: more cattle and calves 
into the United States. 
f. Total disposable Income, x^(t) This variable 
possesses a highly significant positive effect upon the net 
imports of cattle and calves. 
g. Intercept, Xq The individual coefficients are 
only lowly significant in one-sided tests. The average co­
efficient bg^ = 59.80985 indicates that the net imports of 
cattle and calves are approximately 60,000 head larger during 
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upswings than during downswings. The direction of the pre­
dicted change is as expected. 
h. Summary In order to obtain statistically signifi­
cant estimates of the coefficients of the variables in equa­
tions explaining y^/(t), the net imports of cattle and calves, 
the number of variables in an equation has to be kept relative-
p 
ly small. The resulting values of H are unsatisfactory for 
two reasons: Firstly, net imports of cattle and calves depend 
also upon the economic conditions in the exporting countries. 
These conditions are not taken into account in any equation 
estimated. Secondly, the volume of the international trade in 
cattle and calves is only to a limited extent determined by 
the uninhibited market mechanism. Trade agreements of various 
types are important regulators of the volume of net imports of 
cattle and calves. 
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IV. SOffi COMPABISONS OF EMPIBICAL RESULTS FOfi 
THREE REGIONS OF THE UNITED STATES 
A. General Remarks 
1. Regions studied^ 
Three regions of the United States are selected for 
study. These are; 
Region I, Western States, It includes Montana, Idaho, 
Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washing­
ton, Oregon, and California. These states are also known as 
the Ranch States of the United States. As seen in Table 1], 
cattle enterprises in Region I are oriented mainly towards 
beef production. Milk production plays a major role only in 
metropolitan areas. 
Region II, West North Central States, This region in­
cludes Minnesota, Iowa, Missouri, North Dakota, South Dakota, 
Nebraska, and Kansas. Cattle enterprises in this region are 
now oriented mainly towards beef production. 
Region III, East North Central States. It includes Ohio, 
Indiana, Illinois, Michigan, and Wisconsin. This region is 
the one among the regions studied in which milk production is 
relatively most important. Since it comprises also the 
iMuch knowledge of the regional characteristics of cattle 
production is required to understand and evaluate the follow­
ing analysis. Readers who do not possess it are referred to 
books such as that by Williams and Stout (196^) and to statis­
tical bulletins such as that by Miller (195^)• 
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Table 13. Composition of regional cow and heifer 
inventories 
Milk cows Beef cows All cows 
and heifers and heifers and heifers 
Aa A^ 6% 
Region I, 
Western States 
Numberc 2,212 2,096 3,368 5,991 5,580 8,087 
Percent^ 39.64 25.92 60.36 74.08 
Region II, 
West North 
Central States 
NumberC 7,028 4,503 2,803 7,059 9,831 11,562 
Percent^ 71.49 38.95 28.51 61.05 
Region III, 
East North 
Central States 
Numberc 5,867 5,128 368 1,475 6,235 6,603 
Percent^ 94.10 77.66 5.90 22.34 
^Average for the period 1931 through 1933. 
^Average for the period 1959, through I96I. 
"^In thousands of heads; it does not include young 
heifers. 
^Regional inventories of cows and heifers in percent of 
the respective total regional inventories of cows and heifers. 
eastern states of the Corn Belt, beef production, too, is 
important. 
The use of regions as defined above is necessitated by 
the available data. This grouping is far from optimal because 
the undesirable heterogeneity within regions may in some 
173 
respects be almost as large as the desirable heterogeneity 
among regions. In spite of this shortcoming, the analysis of 
the cattle cycle on a regional basis is expected to bring to 
the fore the effects of variables whose inclusion seems not 
advisable in the analysis at the national level. Furthermore, 
it is expected to give a better understanding of the regional 
implications of changes in variables at the national level, 
2, Variables explained 
We restrict the regional analysis of the cattle cycle to 
an explanation of three variables, which, each with a lead of 
one year, are cattle inventory variables. The explained vari­
ables and the respective tables and sections of this chapter 
are : 
y^l^(t), the regional number of cows and heifers kept 
during year t; Tables 14 through l6, Section B; 
R 
yi2o('t), the regional number of calves kept as young 
heifers during year t; Tables I7 through 19, 
Section C; 
the regional number of calves raised during 
year t; Tables 20 through 22, Section D, 
No separate list of regional variables is presented because 
the regional variables used are defined in the same way as the 
national time series listed in Subsection II.A.3. 
17^  
3. Procedure followed 
Each regional time series for the years 1925 through 19^3 
is first regressed on time. Deviations of the observed values 
from the predicted or trend values are then used in the econo­
metric analysis. The specification of the model determines 
the estimation procedure used. The three equations to be 
estimated may be considered part of a larger system of simul­
taneous equations. Two-stage least squares is therefore an 
appropriate estimation method. Independent equations, i,.e, 
equations with only one endogenous variable, result only in 
the case of a few variations of the set of variables in an 
equation. In this case, two-stage least squares simplifies to 
ordinary least squares. The estimates of the coefficients are 
not interpreted in detail as they are in Chapter III. We in­
stead make regional comparisons of the signs of the coeffi­
cients, of their significance levels, and of the elasticity 
estimates derived from the average coefficients. The esti­
mated individual unit effects of variables, their standard 
errors, and the average coefficients are presented in a sepa­
rate table for each region and for each explained variable. 
To facilitate comparisons among areas,^ the regional elas­
ticity estimates are, together with the national estimates, 
^The term "area" refers to either the United States as a 
whole or to any of the three selected regions. 
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arranged in a separate table in Chapter V (Table 25). An 
integrated summary of the results of the regional analyses is 
also given in the next chapter (Chapter V). However, a brief 
summary is presented at the end of each section of this chap­
ter. 
B. Comparison of Estimated Unit Effects of Variables 
in Selected Equations Explaining yB^^(t), the 
Regional Number of Cows and Heifers Kept 
1. Cattle price variables 
a. Current slaughter cattle price, yg^(t) In the 
short run, the expected effect of the current regional slaugh­
ter cattle price upon the regional number of cows and heifers 
kept is negative. The estimated coefficient is lowly signifi­
cant in all selected equations for Region I. The same holds 
true for Region II with the exception of c^^ = -5^.667^ of 
Equation 4.10; this coefficient is significant. In Region 
III, is significant in four and lowly significant in three 
selected equations with values of c^^ greater than zero. The 
estimated unit effects have the expected sign in all selected 
equations but one, viz., Equation 4.23. 
Expressed in average elasticities, the estimated response 
to changes in the current slaughter cattle price is largest^ 
^We always refer to the absolute values of the elas­
ticity coefficients. 
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R Table li;. Region I, Western States, yii^(t): Estimated unit effects of variables 
Equa­
tion 
number 
Cattle 
price 
Lagged 
cattle 
price 
^7(t) 
Cow and 
heifer 
inventory 
Young 
heifer 
inventory 
Hay 
production 
x^(t) 
Total 
disposable 
income pro 
i+.l -71.5677 
(50.68140) 
72.3833 
(24.7923) 
,7890 
(.3079) 
-.3498 
(.8816) 
.0698 
(.0334) 
-2.7879 
(2.4690) 
it.2 -8.4921 
(17.0546) 
36.5415 
(19.2531) 
.5662 
(.2034) 
.5995 
(.6726) 
.0417 
(.0233) 
lic3 -10.4931 
(18.0134) 
34.7504 
(.20.2110) 
.6690 
(.2068) 
.3712 
(.6945) 
-4.2989a 
(7.2138) 
-41.2899 
(35.6001) 
.5347 
116.2338) 
.5247 
(.1853) 
.7603 
(.6157) 
.0401 
(.0212) 
-8.8698 
(15.4608) 
.8569 
(.2365) 
.3151 
(.7203) 
.(#59 
(.0334) 
.3944 
(2.3S07) 
ii.6^ -59.2598 
(38.1443) 
10.0514 
(16.5375) 
.7358 
(.2122) 
.1928 
(.6540) 
^0282 
(.0222) 
U.7 -11.3351 
(20.6695) 
41.7773 
(27.1116) 
.8000 
(.2796) 
-.2006 
(.8856) 
.0819 
(.0304) 
-3.7493 
(2.4071) 
Average: 
-34.2396 32.6732^ .7059 .44788 .0496^ -3.2686® 
^It is the coefficient of the range feed condition index. 
^Based upon Cycle Division A. 
°Based upon Cycle Division B. 
^Coefficient of Equation k-S is not included. 
^Coefficients of Equations I4..I and are not included. 
^Coefficient of Equation i|.3 is not included. 
^Coefficient of Equation is not included. 
^Coefficient of Equation I;.? is not included. 
of variables in selected equations explaining the regional number of cows am 
Xjlt) Xggft) Xg 
Total Lagged Lagged Lagged 
sposable Corn corn price Price price Inti 
income production production of milk of lanbs of lambs Intercept CÎ 
-2.7879 .0070 -263.1133 k9.1976 -1.3508 
(2.1690) (.0071) (117.6718) (37.0105) (31.2566) 
-183.1996 .9396 
(96.2951) (32.5123) 
-1140.56 81). 3.0018 
(98.1358) (34.4902) 
34.9388 -180.2175 27c 
(2k.1959) (55.2205) ill 
.39 Wt -.0127 -189.7085 33t 
(2.3907) (.0068) (62.7078) (9i 
39.0527 -146.2393 25^ 
(26.0937) (57.9427) (61 
-3.7193 .0013 -10.2036 -.0001 
(2.^071) (.oooL) (24.6362) (33.5944) 
-3.2686® .0070 -.0127^ -198.3938 ia.0630 -10.2036 28 [ 
)laining the regional number of cows and heifers kept 
jagged 
)rice 
' milk 
432(t) 
Price 
of lanbs 
:^33(t) 
Lagged 
price 
of lambs 
X 0 
Intercept 
D: 
Intercept 
change 
Coefficient 
of deter­
mination 
1.1133 
\67i8) 
k9.1976 
(37.0105) 
-1.3508 
(31.2566) 
.72 
ulpyô 
;.29Sl) 
.9396 
(32.5123) 
.67 
'.1358) 
3.0018 
(34.4902) 
.64 
34.9388 
(24.195:)) 
-180.2175 
(55.2205) 
-189.7085 
(62.7078) 
270.3261 
(75.4484) 
336.3022 
(98.8447) 
.74 
.75 
39.0527 
(26.0937) 
-10.2036 
(24.6362) 
-146.2393 
(57.9427) 
-.0001 
(33.5944) 
259.2424 
(87.1413) 
.72 
.67 
.:%38 41.0630 -10.2036 288.6232 
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Table 1$. R Region II, West North Central States, y^-j_^(t)i 
and heifers kept 
Estimated unit effect 
CoiiT and Young 
Xj(t) 
Total Lagge 
Equa­ Lagged heifer heifer Hay dispos­ Com corr 
tion Cattle cattle inven­ inven­ pro­ able pro­ pro-
number price price tory tory duction income duction ductic 
4.8 
-33.4993 
(30.2586) 
117.9793 
(33.8167) 
.8181 
(.1508) 
.3023 
(.4630) 
.0290 
(.0189) 
If 
4.9 106.4623 
(48.3342) 
.9301 
(.1642) 
.1731 
(.5195) 
.0328 
(.0184) 
-4.7544 
(2.1203) 
.0007 
(.0004) 
4.10 -54.6674 
(29.0491) 
137.0933 
(32.9311) 
' .3035 
(.1344) 
.2884 
(.4713) 
.0575 
(.0169) 
-4.3712 
(2.2149) 
4.11 105.6568 
(30.0568) 
.8526 
(.1484) 
.2785 
(.4713) 
.0266 
(.0188) 
.0004 
(.0004) 
4.12 91.8144 
(28.7133) 
.8347 
(.1528) 
.3903 
(.4778) 
.0241 
(.0184) 
,000k 
(.0004) 
4.13 93.8203 
(28.1720) 
.8522 
(.1494) 
.3098 
(.4713) 
.0194 
(.0190) 
.0005 
(.0004) 
4.14a -15.2992 
(26.4810) 
35.4534 
(26.1834) 
.9446 
(.0827) 
.0272 
(.0163) 
-4.0322 
(1.8449) 
.0005 
(.0003) 
4.15* .9327 
(.0753) 
.0216 
(.0151) 
-2.8457 
(1.7312) 
.0006 
(.0003) 
4.16* -12.8815 
(26.4673) 
65.3146 
(33.4330) 
.9569 
(.1310) 
.0355 
(.3952) 
.0313 
(.0169) 
-3.6172 
(1.8674) 
.0005 
(.0003) 
Average; 
-29.0869 91.2618 .8806 .2541 .0299 -3-9241 .0005 
^Based upon Cycle Division A. 
mated unit effects of variables in selected equations explaining y^p(t), the regio 
xgi(t) Xggft) Xi29(t) x^"32(t) 
Lagged 
Com corn Lagged Lagged Lagged 
pro- pro- Price price Price price Price price 
duction duction of milk of milk of lambs of lambs of hogs of hogs 
.0004 -555.2738 
(.000k) (lyo.biiio) 
.0007 -391.9300 -26.2985 
) (.000^) (176.0121) (L3.3066) 
.0003 -491.1602 
) (.0003) (171.1338) 
.0004 -522.9789 -19.4268 
(.0004) (185.8008) (23.8693) 
.0004 -498.8737 -13.0482 
(.0004) (222.4876) (21.6551) 
.0005 -490.6144 -14.1463 
(.0004) (245.3161) (26.3841) 
.0005 
) (.0003) 
.0006 
) (.0003) 
.0005 -243.6103 
) (.0003) (164.9164) 
.0005 .0003 -391.9300 -467.1352 -19.4268 -26.2985 -13.0482 -14.1463 
Lons explaining y^^(t), the regional number of cows 
) x^-^^(t) D: 
Coeffi­
Lagged Lagged Inter­ cient of 
price Price price Inter­ cept deter­
3 of lambs of hogs of hogs cept change mination 
-26.298$ 
(13.3066) 
-13.0482 
(21.6251) 
-2.3271 
(57.2138) 
-.8^43 
(54.9098) 
-2.5203 
(55.5327) 
-2.6821 
(57.7492) 
-2.5558 
(58.0275) 
-14.1463 -2.5162 
(26.3841) (58.0999) 
-337.7218 506.5827 
(91.1917) (116.0913) 
-372.4031 558.6046 
(37.3274) (109.4248) 
-280.3972 418.7218 
(99.3287) (130.9367) 
.79 
.81 
.81 
.78 
.78 
.78 
.85 
.84 
.36 
3 -26.2985 -13.0482 -14.1463 494.6364 
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Table l6. Region III, East North Central States, y^p(t) : Estimated unit effect 
of cows and heifers kept 
x^(t) x^Y( t )  XyyCt )  %j( t )  
Equa- Lagged Cow and Young Total 
tion Cattle cattle heifer heifer disposable 
number price price inventory inventoiy production income p; 
4.17 -18.8511 
(8.4774) 
54.5352 
(10.5049) 
.8342 
(.0774) 
.9893 
(.3048) 
.0073 
(.0080) 
4.18* -15.3368 
(8.0149) 
40.5589 
(10.5621) 
.9249 
(.0796) 
.6840 
(.3152) 
4.19 -21.1361 
(10.8922) 
24.3912 
(10.9861) 
.6631 
(.1122) 
1.3278 
(.4260) 
.0080 
(.0105) 
4.20* -16.1578 
(9.1398) 
18.4021 
(9.2681) 
.8831 
(.1131) 
.7263 
(.4000) 
.0114 
(.0090) 
4.21 22.0911 
(7.4042) 
.8638 
(.1005) 
1.0970 
(.3506) 
4.22* -10.5293 
(10.4914) 
20.1731 
(9.2876) 
.9692 
(.0926) 
.5817 
(.3551) 
.ouL 
(.0089) 
4.23 26.8942 
(23.3579) 
23.7784 
(10.5679) 
.8556 
(.1015) 
1.1342 
(.3537) 
4.24* -10.8308 
(9.7865) 
37.0184 
(15.7352) 
.9568 
(.0893) 
.6025 
(.3516) 
.0142 
(.0089) 
4.25* -12.0253 
(7.7802) 
19.3113 
(7.7973) 
.6380 
(.1121) 
1.2695 
(.3553) 
.0047 
(.0078) 
-2.4555 
(.6586) 
Average: 
-14.9810b 28.9177 .8436 .9347 .0095 -2.4555 
^Based upon Cycle Division A. 
^Coefficient of Equation i|.23 is not included. 
îtimated unit effects of variables in selected equations explaining yiio(t), the regional nu] 
Xt) 
y 
tion 
Xjft) 
Total 
disposable 
income 
xgl(t) 
Corn 
production 
Xi3Q(t} 
Lagged 
price 
of milk 
=132(t) 
Price 
of lambs 
Lagged 
price 
of lambs 
4^(t) 
Price 
of hogs 
%o 
Intercept 
I] 
1073 -227.8507 -1.1686 
€80) (45.5258) (16.3414) 
-15&.7863 -85.2508 1 
(I8.5r80) (32.2440) ( 
080 -.000k -.0001 
105) (.0002) (20.2729) 
iiii -.0002 -118.0832 ] 
090) (.0002) (35.5211) ( 
-22.9376 -.0002 
(7.1931) (19.7287) 
lib 
-8.9365 -114.1445' ] 
089) (8.0064) (35.7638) ( 
-42.1410 -.0002 
(18.2760) (20.1116) 
li;2 
-20.4612 
-108.4674 : 
389) (14.3836) (35.8287) ( 
-2.1)555 -65.5342 
)78) (.6586) (32.8557) ( 
)9$ 
-2.4555 -.0003 -192.3185 -42.1410 -20.4612 
-15.9371 1 
uations explaining yiio(t), the regional number 
2(t) ^33{t) 
Lagged 
26 price 
nbs of lambs 
Price 
of hogs 
%o 
Intercept 
0% 
Intercept 
change 
Coefficient 
of deter­
mination 
-1.1686 
(16.3414) 
.95 
-85.2508 
(32.2440) 
126.6700 
(42.8993) 
.96 
-.0001 
(20.2729) 
.92 
-116.0832 
(35.5211) 
177.32 47 
(46.5786) 
.95 
-22.9376 
(7.1931) 
-.0002 
(19.7287) 
.92 
-8.9365 
(8.0064) 
-114.1445' 
(35.7638) 
171.2165 
(47.0878) 
.95 
ao 
'60) 
-.0002 
(20.1116) 
.92 
-20.4612 
(14.3836) 
-108.4674 
(35.8287) 
162.7008 
(47.3634) 
.95 
-65.5342 
(32.8557) 
98.3012 
(44.2094) 
.96 
.10 -20.4612 
-15.9371 147.2026 
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for Region I and smallest for Region III, The magnitude of 
the regional elasticity estimates is inversely related to the 
regional proportion of milk cows and heifers in all cows and 
heifers on farms. The variation in this regional proportion 
may be taken as an explanation of the variation in the region­
al elasticity estimates if it can be assumed that the response 
to the current slaughter cattle price is smaller for milk 
cows than for beef cows. 
b. Lagged slaughter cattle price, xg^(t) If inter­
preted in the longer run as in Chapter III, the b^^-coeffi-
cients are expected to be equal to or larger than zero. The 
sign of the estimated coefficient is positive as expected in 
all selected equations but one,^ The coefficient reaches a 
satisfactory or a better significance level in 22 out of 25 
selected equations. The significance levels are relatively 
unsatisfactory for Region I, better for Region III, and best 
for Region II. This relationship is reflected in the magni­
tudes of the trend elasticity estimates. 
^The negative value of b^ij, in Equation ^.5 is of no 
particular concern for two reasons. Firstly, it is not sig­
nificantly different from zero. Secondly, it is a phenomenon 
that has also been observed in Subsection III,G,1, The nega­
tive c^3-coefficient appears to be added to the positive 
b^^-coefficient if y^^(t) is not included in the equation. 
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2. Inventory variables 
a. Cow and heifer inventory x^y(t) The b^^-ooeffi-
oient is positive as expected and highly significant in all 
selected equations. The significance levels and the average 
elasticities increase from Region I to Region III, i^e., the 
significance levels and the magnitudes of the elasticity co­
efficients increase with the proportion of milk cows in all 
cows on farms. This relationship may be interpreted as fol­
lows : 
If the cow and heifer inventory on January 1 of year t 
shows a change, the probability that the same regional inven­
tory in year t+1 shows a change in the same direction is 
larger for dairy regions than for beef regions. In other 
words, the direction of change in the regional inventory of 
milk cows and heifers fluctuates less than that of the re­
gional inventory of beef cows and heifers, 
b. Young heifer inventory, Contrary to ex­
pectation, the effect of the regional inventory of young 
heifers on the regional number of cows and heifers kept is 
uniformly positive and significant or highly significant only 
in Region III, In Region II, the b52-coefficients are uni­
formly positive but of little explanatory value. This can be 
inferred from the selected equations with and without x^gft) 
in spite of a lack of strict comparability. Two of the 
selected equations for Region I contain nonsignificant nega-
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tive b^2-ooGfficlents. 
The increase in the significance levels from Region I to 
fiegion III may indicate that the frequency of the deviation of 
the actual disposition of young heifers from the planned dis­
position decreases from Region I to Region III. More specif­
ically, in Region I a relatively high percentage of all young 
female cattle of age one to two years that are originally 
planned as additions to the cow herd and that are therefore 
reported as young heifers as of January 1 are actually slaugh­
tered. For the United States as a whole the milk cow inven­
tory numbers fluctuate less than the beef cow inventory num­
bers. (See Figure 1 of Chapter II.) If this holds true also 
for the regions studied, the increase in the significance 
levels of b^2 from Region I to Region III is associated with 
an increase in the regional percentage of milk cows in all 
cows on farms. The Increase may, of course, also be caused 
by regional differences in the behavior of cattle farmers 
while other things remain equal. 
3. Feed supply variables 
a. Range feed condition index, If the range 
feed condition index were truly exogenous in the equations 
explaining YiigCb), the regional number of cows and heifers 
kept, b^^i would be expected to be positive. The range feed 
condition index for 17 Western States of the U.S. is included 
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in the analysis of Region The estimated b^^-j^-coeffioients 
are uniformly negative and none reaches a tolerable level of 
p 
significance in two-tailed tests. The Pi -values for equations 
p 
containing are always lower than the ones for equa­
tions containing Xyy(t). In short, the range feed condition 
index use in this study. 
R R b. Total production of hay xyy(t) xyy(t) may be in­
terpreted as a proxy for the regional production of all types 
of roughage feed. All selected estimates are positive as ex­
pected and at least lowly significant in one-sided tests. The 
magnitude of the elasticity estimates decreases from Region I 
to Region III. The elasticity for Region I, for example, is 
approximately four times as large as the one for Region III. 
These differences in magnitude can be attributed to the rela­
tive preponderance of hay and pasture feed in the rations fed 
to cattle in Region I. In this region, most of these feeds 
are grown on soils the forage yields of which depend rela­
tively much upon the precipitation during the vegetation 
period. 
c. Corn production, x§]^(t) The expected sign of bg^ 
is positive or negative depending upon the length of the 
period considered. If cattle growers interpret an increase 
^The coefficient b^^i = -4.2989 of Equation 4.] is the 
only b]_^2-coefficient presented. 
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(a decrease) in the production of corn as a short run phenom­
enon, they will tend to feed more (fewer) cattle for slaughter 
and to keep fewer (more) cattle on farms. Accordingly, the 
b3]_-coefficient should be negative. If cattle producers take 
the increase (decrease) in the regional corn production as a 
longer run or long run phenomenon, they will tend to increase 
(decrease) the size of their cow herds. In the latter case, 
the bg2_-coefficient should be positive. 
Significant positive bg^^-coefficients in otherwise 
acceptable equations for Region I can be obtained only after 
much experimentation. Significant negative bg^-coefficients 
are frequently obtained, but almost always in equations which 
are unsatisfactory because of low R -values and/or low sig­
nificance levels of other variables. For Region II, only 
positive coefficients are obtained. The analysis of Region 
III in turn yields only negative coefficients. The average 
elasticities are largest for Region II, a little smaller but 
of the opposite sign for Region III, and with one half to one 
third of the absolute magnitudes for Regions II and III small­
est for Region I. 
d. Lagged corn production, Xg^(t) To infer from the 
difficulties which we encounter if we include Xg2(t) as an 
explanatory variable instead of Xgj^(t), the lagged regional 
production of corn plays an even smaller role than the current 
regional production in the explanation of the regional number 
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of cows and heifers kept. 
4. Price and other variables 
a. Price of milk, Xi29(t), and lagged price of milk, 
%13o(t) If the national price of milk received by farmers 
changes in the short run, one would expect to find changes in 
y^l9(t) in the same direction. In other words, positive 
values of the ^222 or b^^^Q-coefficients are expected. However, 
not a single positive b]_29- or b^^o'Value is obtained. The 
negative values, however, are plausible in the following 
sense: A permanent increase in the milk price is associated 
with a decreasing number of cows and heifers kept. 
b. Price of lambs, X232('t), and lagged price of lambs, 
R Xi33(t) The production of lambs and sheep is an enterprise 
that competes with the production of cattle for resources. 
Negative values of ^133 therefore expected. They 
are indeed obtained in all selected equations containing 
^132^^) x^^^(t) with the exception of Region I, 
The elasticity estimates for the regional lagged lamb price 
received by farmers increase in magnitude from Region I to 
Region III. The increase may be associated with an increasing 
number of competing enterprises. The resources of production 
in Regions II and III are less specialized than the resources 
in Region I and can be more easily transferred from one enter-
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prise to another.^ 
o« Price of hogs, and lagged price of hogs, 
x^3^(t) Hog production competes with cattle production for 
resources mainly in Regions II and III. Therefore, the effect 
of changes in the current and/or lagged regional hog price 
upon the regional number of cows and heifers kept is investi­
gated only for these two regions. Negative values of b^^^ and 
5^22 are obtained as expected for both regions. The estimated 
elasticities of the regional number of cows and heifers kept 
with respect to the current regional hog price for Region III 
are approximately twice as large as those for Region II, 
d. Total disposable income, x^ft) Negative b^-
coefficients are obtained for all three selected regions. 
They are lowly significant in all selected equations. If 
ceteris paribus the total disposable Income in the United 
States Increases (decreases), the number of cows and heifers 
kept in these regions will decrease (Increase), The direction 
of the predicted change becomes plausible if the income elas­
ticity of the aggregate demand for beef has decreased during 
the period studied, 
e. Intercept, Xq The expected changes in the inter­
cept coefficient during upswings are upwards. The estimates 
are highly significant in all selected equations, 
Isee, for example, Heady (1952, pp, 276 ff.). 
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f. Summary A relatively large number of variables 
significantly affects the changes in the number of cows and 
heifers kept in three selected regions of the United States, 
However, not all of these variables can be Included in an 
equation at the same time without greatly reducing the sig­
nificance levels of the individual coefficients. The differ­
ences among regions in the magnitude of the predicted response 
are attributed to mainly two factors. One is the varying pro­
portion of milk cows and heifers in all cows and heifers on 
farms; the other is the varying degree of specialization of 
resources. As the proportion of milk cows Increases, the mag­
nitude of the response to changes in certain variables, espe­
cially slaughter cattle price variables, decreases. The mag­
nitude of the response increases as the specialization of 
resources decreases and/or as the number of competing enter­
prises increases. 
C. Comparison of Estimated Unit Effects of Variables 
in Selected Equations Explaining yB^^ft), 
the Regional Number of Calves 
Kept as Young Heifers 
1. Cattle price variables 
a. Current slaughter cattle price, yg^(t) The c93-
coefficient is larger than zero in all selected equations for 
Region I. It Is highly significant in a two-tailed t-test in 
six out of seven equations. In Region II positive as well as 
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Table 1?. Region I, Western States, yi20(t): Estimated unit effe 
kept as young heifers 
Equa­
tion Cattle 
X (t) r 
Lagged 
cattle 
xgXt) 
5o 
Calf 
x^(t) 
Hay 
Total 
disposable 
number price price inventoiy production income 
4.26 19.1726 
(6.4103) 
-6.0481 
(6.5554) 
.4926 
(.0647) 
.0348 
(.0097) 
-3.4202 
(.5667) 
4.27 17.7384 
(0.6310) 
-6.2148 
(6.6908) 
.4785 
(.0670) 
.0350 
(.0099) 
-3.4053 
(.6744) 
4.28 7.1744 
(4.6926) 
.4433 
(.0545) 
.0369 
(.0096) 
-3.3390 
(.6061) 
4.29 18.6685 
(6.4808) 
-6.5917 
(6.6311) 
.4892 
(.0652) 
.0355 
(.0098) 
-3.6082 
(.6183) 
4.30% 20.7282 
(5.7173) 
-15.1531 
(6.7305) 
.4985 
(.0577) 
.0331 
(.0087) 
-3.2588 
(.5127) 
4.31* 20.8082 
(5.7789) 
-16.1615 
(7.0062) 
.4968 
(.0584) 
.0344 
(.0091) 
-3.1326 
(.5593) 
4.32* 16.9111 
(6.9461) 
-15.7809 
(6.7681) 
.4831 
(.0600) 
.0303 
(.0092) 
-3.1544 
(.5244) 
4.33a 15.3938 
(12.3738) 
-3.9076 
(4.5291) 
.5018 
(.0660) 
.0362 
(.0091) 
-3.3581 
(.5836) 
Average: 
18.4887 
-9.9797' .435S .0345 -3.3346 
^Based upon Cycle Division A. 
^Computed from negative coefficients only. 
effects of variables in selected equations explaining J the regiona] 
^(t) %(t) xR^^(t 
ital Lagged Lagged Lagged 
IS able Corn corn Price price Price price 
ome production production of milk of milk of lambs of lambs 
k202 6.270$ 
S667) (6.0377 
il053 .0010 -23.5087 11.0i;8C 
6711) (.0017) (32.7986) (7.1186 
3390 .0022 -31.1603 15.8793 
<%%%) (.0017) (30.6375) (3.775Ù) 
6082 .0013 8.2685 
6183) (.0016) (o.ijôôO 
2588 12.0528 
5127) (5.8535 
1326 -.0010 12.185k 
5593) (.0016) (5.9191 
I5iiii 35.4861 10.6556 
52lk) (36.5983) (6.0337 
3581 7.6101: 
5836) (7.83k5) 
3316 -.0010 .0015 35.1:861 -29 . 8745 11.7599 10.1302 
lining 7i2o(t)j the regional number of calves 
C
V
l 
Xo R2 
rged Lagged Coefficient 
.ce Price price Intercept of deter­
Llk of lambs of lambs Intercept change mination 
6.5709 
(6.0577) 
0 
(9.1197) 
.72 
11.0i;80 
(7.kl86) 
-.1313 
(9.5385) 
.73 
15.8793 
(3.775W 
-.1751 
(9.5871) 
.72 
8.2685 
(0.^060) 
0 
(9.^766) 
.72 
12.0528 
(5.8535) 
-37.5327 
(16.1100) 
56.2991 
(20.6000) 
.78 
12.185k 
(5.9191) 
-39.905k 
(16.7537) 
59.8582 
(21.6li70) 
.79 
10.6556 
(6.0337) 
-17.6558 
(19.2103) 
71.5983 
(25.96kk) 
.79 
7.6k0L 
(7.l%k5) 
-3U.2li75 
(17.7482) 
51.3713 
(23.0811) 
.76 
11.7599 10.1302 59.7817 
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Table l8. Region II, West North Central States, Estimated unit effec 
kept as young heifers 
Equa­
tion 
number 
y?3(t) 
Cattle 
price 
Lagged 
cattle 
price 
Calf 
inventory 
Hay 
production 
Xj ( t )  
Total 
disposable 
income 
Xg^ ( t )  
Corn 
production 
k»3h 42.3334 
(26.9330) 
11.6796 
(10.7983) 
.3531 
(.0555) 
.0080 
(.0072) 
-5.0220 
(.9757) 
.0005 
(.0001) 
ii.35 20.6413 
(9.3853) 
.3103 
(.0494) 
.0084 
(.0074) 
-4.7522 
(.9830) 
.0005 
(.0001) 
1.36 37.4736 
(26.6738) 
14.8343 
(10.8315) 
.3505 
(.0561) 
.0058 
(.0071) 
-4.7104 
(.9480) 
.0005 
(.0001) 
4.37* 32.8215 
(23.9475) 
.3189 
(.0535) 
.0085 
(.0063) 
-4«4y88 
(.8952) 
.0004 
(.0001) 
1.38* 32.5052 
(15.4354) 
.3014 
(.0404) 
.0106 
(.0059) 
-=•4.4601 
(.8499) 
.0004 
(.0001) 
1.39 -19.5095 
(17.7087) 
24.3747 
(13.4976) 
.2387 
(.0671) 
.0238 
(.0079) 
-4.3607 
(1.2355) 
-28.4063 
(15.9080) 
4.5053 
(13.3194) 
.2181 
(.0612) 
.0186 
(.0072) 
-2.9187 
(1.0777) 
Average: 
37.5428% 
-23.9579° 
18.0901 .2987 .0120 -4.3890 .0005 
®Based upon Cycle Division A. 
^Computed from positive coefficients only. 
^Computed from negative coefficients only. 
Estimated unit effects of variables in selected equations explaining the regional nu 
%g(t) ^29^^^ ^32^^) x^33(t) x^3j,(t) 
Total Lagged Lagged 
isposable Corn com Price Price price Price 
income production production of milk of lambs of lambs of hogs Intercept 
%o 
-5.0220 
(.9757) 
.0005 
(.0001) 
109.3929 
(82.9009) 
-35.3232 
(23.2335) 
.2356 
(20.6155) 
-4.7522 
(.9830) 
.0005 
(.0001) 
68.2426 
(80.5038) 
-7.6OO7 
(12 . 85 4 2) 
.1471 
(21.0990) 
-a.7104 
(.9180) 
.0005 
(.0001) 
-29.6547 
(21.2404) 
8.2024 
(8.3571) 
0 
(20.0724) 
-Ij. «4988 
(.8952) 
.0004 
(.0001) 
219.4087 
(62.0697) 
-36.2325 
(20.6315) 
-92.8574 
(43.0304) 
-sij.iiôOl 
(.8499) 
.0004 
(.0001) 
206.6588 
(63.W54) 
-34.6559 
(13.4643) 
-87.4063 
(41.4485) 
-4.3607 
(1.2355) 
.0003 
(.0001) 
140.2934 
(110.3954 
-9.30S3 
(12.2447) 
.3023 
(.2623) 
-2.9187 
(1.0777) 
273.9106 
(93.2400) 
-181.7121 
(53.7108) 
-4.3890 .0005 .0003 170.1^55 -27.9526 -34.6559 8.2024 
-9.3083 
equations explaining the regional number of calves 
Price 
f lambs 
x^3^(t) 
Lagged 
price 
of lambs 
Price 
of hogs 
Xo 
Intercept 
Do 
Intercept 
change 
Coefficient 
of deter­
mination 
35.3232 .2356 .74 
23.2335) (20.6156) 
-7.6007 .1471 .72 
12.8512) (21.0990) 
2y.65ii7 0.2024 0 .73 
21.2U0ii) (8.3571) (20.0724) 
36.2325 -92.8574 139.9951 .79 
20.6315) (43.0304) (53.3841) 
-3k.6559 -87.4063 131.8673 .81 
(I3.1;6ij3) (41.4485) (5C.3886) 
-9.3OS3 .3023 .58 
(12.2417) (.2623) 
-181.7121 273.4694 .65 
(53.7108) (72.5085) 
27.952G -34.6559 8.2024 131.7773 
-9.3O83 
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Table 19. Region III, East North Central States, 7x20^^^* Estimated unit effe 
kept as young heifers 
Equa­
tion 
number 
7^3(t) 
Cattle 
price 
x^[^(t) 
Lagged 
cattle 
price 
xf6(t) 
Calf 
inventory 
X^y(t) 
Hay 
production 
^^(t) 
Total 
disposable 
income 
xgl(t) 
Corn 
production 
h»hl -2.3528 
(5.4602) 
14.3603 
(1.8280) 
.3150 
(.0652) 
.0053 
(.0053) 
-1.4657 
(.3370) 
.00003 
(.00010) 
h.h2 -G.k880 
(7.2208) 
14.0290 
(4.9281) 
.2906 
(.0684) 
.0058 
(.0054) 
-1.6738 
(.3842) 
.00002 
(.00010) 
-5.7211 
(ô.[t635) 
15.0778 
(4.7944) 
.2938 
(.0639) 
.0062 
(.0052) 
-1.3964 
(.2819) 
ii.ià .2k72 
(7.2095) 
29.6272 
(7.2339) 
.3999 
(.0730) 
.0056 
(.0047) 
-1.5845 
(.2797) 
1U.5U08 
(7.5819) 
25.2236 
(7.0617) 
.4929 
(.0830) 
.0060 
(.0047) 
-1.6435 
(.2885) 
-11.60^2 
(5.1862) 
3.6217 
(3.9984) 
.2690 
(.0479) 
.0066 
(.0039) 
-1.7365 
(.2357) 
-6.9822 
(6.6507) 
10.3066 
(8.0407) 
.3236 
(.0681) 
.0059 
(.0040) 
-1.7783 
(.2754) 
.00003 
(.00007) 
hM .6336 
(Ik.0822) 
13.0896 
(5.0035) 
.3214 
(.0792) 
.0058 
(.0052) 
-1.6399 
(.3130) 
Average: 
-7.0297b 
lb.5k08C 
16.0420 .3383 .0059 -1.6148 .00003 
^Based upon Cycle Division A. 
^Computed from negative coefficients only. 
•^From Equation 
Estimated unit effects of variables in selected equations explaining y$2o(t)j the re 
Xgl(t) Xi2p(t) Xij)(t) 
^133^^^ 
Total Lagged Lagged 
posable Corn Price price Price price Price 
.ncome production of milk of milk of lambs of lambs of hogs Inte 
l.lt657 
(.3370) 
.00003 
(.00010) 
0 
(9 
1.6738 
(.3542) 
.00002 
(.00010) 
$L36L9 
(17 .03 67) 
-1.6728 
(5.3462) (y 
1.396k 
(.2819) 
2.7430 
(3.6464) 
0 
(y. 
L.W 
(.2797) 
73.8069 
(31.1078) 
-22.9771 
(8.8557) (e! 
1.6135 
:.288$) 
91.8895 
(3S.0762) 
-34.4298 
(11.4298) (s! 
-.7365 
,.2357) 
132.1155 
(30.3608) 
-73. 
(16. 
..7783 
.275&) 
.00003 
(.00007) 
131.7453 
(31.2054) 
-0.6598 
(8.6178) 
-64. 
(18. 
.6399 
.3130) 
53.:%37 
(36.3941) 
-8.5362 
(10.7918) (9! 
.6II48 .00003 90.0853 91.8895 -8.5362 -22.0222 -1.6728 
2.7430 
elected equations explaining y$2o(the regional number of calves 
b) 
3 
%132(t) 
Price 
of lambs 
Lagged 
price 
of lambs 
Xi3|^(t) 
Price 
of hogs 
Xo 
Intercept 
D: 
Intercept 
change 
R2 
Coefficient 
of deter­
mination 
0 
(9.9253) 
.69 
-1.6728 
(5.3462) 
.1172 
(9.9387) 
.70 
2.7430 
(3.6464) 
0 
(9.3546) 
.69 
-22.9771 
(8.8557) 
.1590 
(8.8858) 
.76 
) 
-3hM9S 
(11.4298) 
.4712 
(8.8641) 
-73.1333 
(16.3452) 
110.1269 
(21.9239) 
.76 
.83 
-8.6598 
(8.6178) 
-64.4175 
(18.7149) 
97.0520 
(25.7866) 
.84 
-8.5362 
(10.7918) 
.1258 
(9.7058) 
.71 
-8.5362 -22.0222 -1.6728 
2.7430 
103.5895 
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negative coefficients occur. Positive and negative coeffi­
cients reach approximately equal significance levels. These 
are larger than .80 in four out of five equations. The co­
efficients in Region III show sign changes and possess the 
smallest significance levels among regions. 
The decrease in the significance levels from Region I to 
Region III is associated with an Increase in the proportion of 
milk cattle in all cattle. The milk cattle inventory numbers 
show relatively small cyclical fluctuations. However, no 
satisfactory explanation for the occurrence of positive and 
negative coefficients within a region can be found. Since the 
omission of either the current or the lagged slaughter cattle 
price in Equations 4.37 and 4.38 leads to no unusual change in 
the coefficient of the remaining variable, it is not possible 
to attribute the sign changes to collinearlty between the cur­
rent and the lagged cattle price. The sign changes are asso­
ciated with changes in the set of other explanatory variables. 
H b. ' Lagged slaughter cattle price, Xg^(t) The b^^-
coefficlent is negative in all equations but one for Region I 
and uniformly positive in Regions II and III. The highest 
significance levels and the largest elasticities are obtained 
for Region III. 
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2. Other variables 
a. Calf inventory, (t) The estimated coefficient 
of the regional inventory of all calves on farms on January 1 
is positive and highly significant in all selected equations 
as expected. The elasticity estimates decrease in magnitude 
from Region I to Region III. This decrease is plausible in 
view of the decreasing dispositional flexibility accompanying 
an increasing proportion of milk cattle in all cattle. 
b. Hay production, xyy(t) The expected positive sign 
—R 
of the b-pr;-coefficient is obtained in all selected equations. 
The significance levels of the coefficients and the magnitude 
of the elasticities derived therefrom decrease from Region I 
to Region III. 
"R 
c. Current corn production, xg^ft), and lagged corn 
production, x^2(t) An increase (a decrease) in the pro­
duction of corn usually tends to lower (raise) the cost of 
cattle feeding. In the short run, farmers will therefore tend 
to feed more (fewer) and to keep fewer (more) calves as young 
heifers. In this case the coefficients are expected to be 
negative. If cattle farmers interpret changes in the supply 
of corn as a longer run or long run phenomenon, the expected 
sign is positive because in this case farmers will tend to 
adjust the size of the cow herds to the developments of the 
feed supply. 
All coefficients of the selected equations are positive 
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-H 
with the exception of one statistically insignificant bg^-
coefficient for Region I. Most of the coefficients for 
Regions I and III are not significant, whereas all coeffi­
cients for Region II are highly significant in two-tailed t-
_R 
tests. If the tig^-coefficients for Region III were also sig­
nificant or highly significant, we would have a rather clear 
competitive relationship between current corn production and 
current hay production in the sense that the significance 
levels of these two variables are inversely related in the 
selected regions. The estimated elasticities of 7120^^^ with 
respect to X3]_(t) are highest for Region II. 
H d. Current price of milk, Xi29(t), and lagged price of 
R 
milk, xx3o(t) The expected sign of the coefficients of 
these two variables is positive. All selected coefficients 
but two for Region I are positive. The significance levels 
are smallest for Region I. They are about equal for Regions 
II and III. The estimated elasticities of yi2o(t) with re-
spect to X]_29(t) increase from Region I over Region III to 
Region II. 
e. Price of lambs, and lagged price of lambs, 
Xi33(t) Lamb production competes with cattle and milk pro­
duction for resources. Therefore the coefficients of these 
two variables are expected to be negative. For .îiegion I, only 
positive estimates are obtained; they are lowly significant, 
significant, or highly significant in one-sided tests, For 
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Regions II and III, only negative coefficients are obtained. 
Most of them reach at least satisfactory significance levels. 
Omitting Region I from our discussion, we see from Table 25 
that the estimated elasticities of y^go ^^th respect to 
x^32(t) are largest for Region II. The elasticities with 
Jp 
respect to are slightly larger for Region III than for 
Region II. 
f. Price of hogs, The effect of this vari­
able on the number of calves kept as young heifers in Region 
I is not investigated. In each of the other regions, one 
selected estimate is positive, the other negative. The sig­
nificance levels are about equally unsatisfactory. The elas­
ticities are larger for Region II than for Region III. 
g. Total disposable income, x](t) This variable is 
highly significant in all selected equations. The elastic­
ities derived from negative coefficients decrease from Region 
I to Region III. 
h. Intercept change More calves are ceteris paribus 
kept as young heifers during upswings than during downswings. 
i. Summary Essentially, the summary of the previous 
section applies also to this section. An additional charac­
teristic of the coefficients in the selected equations ex­
plaining yi2o(t), the regional number of calves kept as young 
heifers, is the relatively high frequency of sign changes. 
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D. Comparison of Estimated Unit Effects of Variables 
in Selected Equations Explaining yj^^(t), 
the Regional Number of Calves Raised 
I. Cattle and calf price variables 
a. Current slaughter cattle price, 793(t) In Subsec­
tion III.D.l, where we discuss the same variable at the 
national level, we find explanations which make positive as 
well as negative c^^-coefficients acceptable. All estimated 
coefficients but one for Region I are negative and significant 
or at least lowly significant in two-tailed tests. For Region 
II, all selected c^^-coefficients are negative; their sig­
nificance levels range from lowly significant to highly sig­
nificant. All selected c^^-coefficients for Region III are 
positive. Eight out of nine coefficients are highly signifi­
cant; the ninth one is significant. The elasticities are 
smallest for Region II and largest for Region III. 
S b. Lagged slaughter cattle price, Xg^ft) The esti­
mated effect of the lagged slaughter cattle price upon the 
number of calves raised is positive for all regions and in 
all selected equations but one. This negative coefficient is 
not significant, however. The positive coefficients assume 
all significance levels from insignificant in a few cases to 
significant or highly significant in most cases. All bg^-
coefficients for Region III are highly significant. The 
estimated elasticities increase in magnitude from Region I to 
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Table 20. Region I, western States, yy2^(t): Estimated unit effects of variables in selected equ 
Equa­
tion 
number 
Calf 
price 
TpjCt) 
Cattle 
price 
x^i^(t) 
lagged 
cattle 
price 
Covj and 
heifer 
inventory 
Xyy(t) 
Hay 
production 
Corn 
production 
Lagged 
corn 
production 
X, 
Tc 
dispc 
inc 
h.h9 -143.7477 
(188.6499) 
225.8753 
(250.7776) 
8.5223 
(21.1088) 
.3401 
(.1888) 
.0342 
(.0296) 
4. 
(3. 
1.20 95.4385 
(65.6810) 
-113.9362 
(94.3020) 
33.4579 
(13.2848) 
.4736 
(.1062) 
.0482 
(.0271) 
4.51 165.7880 
(65.4796) 
-155.3258 
(89.3123) 
24.7946 
(15.0072) 
.5710 
(.1406) 
.0299 
(.0221) 
-.0077 
(.0071) 
4.52* 103.2675 
(61.9169) 
-132.4608 
(77.2411) 
34.2754 
(17.1592) 
.5598 
(.0936) 
.0057 
(.0052) 
4.53* 139.7957 
(50.0448) 
-148.7068 
(84.8202) 
.5728 
(.1047) 
Average: 
126.0724% 
-143.7477 
-137.6074° 
225.8753 
25.2626 .5035 .0374 .0057 -.0077 4. 
^Based upon Cycle Division A. 
^Computed from positive coefficients only. 
^Computed from negative coefficients only. 
p 
bles in selected equations explaining the regional number of calves raised 
Lagged 
corn 
n production 
X2(t) 
Total 
disposable 
income 
%129(t) 
Price 
of milk 
Xi3o(t) 
Lagged 
price 
of milk 
Price 
of lambs 
Xo 
Intercept 
< 
Intercept 
change 
Coefficient 
of deter­
mination 
14,6663 
(3.92k8) 
-434.6217 
(257.7733) 
-168.8384 
(143.3020) 
-20.3432 
(26.6469) 
-.9369 
(28.1879) 
-.3639 
(28,4326) 
.63 
060 
-.0077 
(.0071) 
-49.0366 
(33.9768) 
-,0001 
(28,5419) 
.61 
) 
-108.3464 
(86,7484) 
-93.0562 
(55.8487) 
138.7512 
(74.0426) 
.66 
139.0790 
(119.5754) 
-27.4707 
(23.4365) 
-142,6587 
(54.9133) 
211.4378 
(72.2515) 
.65 
-.0077 4,6663 -301.8551° -108.3464 -32.4502 176.5945 
139.0790 
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Table 21. Region II, West Worth Central States, : Estimated unit effects of variables i] 
yfjCt) x^^(t) 4(t) XjCt) 
Equa­ Lagged Cow and Lagged Total 
tion Calf C&ttls cattle heifer Hay Corn corn disposable 
number price price price inventory production production production income 
4.54 190.9859 
(59.6331) 
-228.5950 
(64.8231) 
84.9451 
(28.2653) 
.5693 
(.1204) 
.0695 
(.0160) 
4.55 -42.8712 
(41.9891) 
39.1514 
(32.8912) 
.3491 
(.1140) 
.0562 
(.0201) 
4.56 183.3646 
(63.8004) 
-217.4317 
(72.1867) 
80.6345 
(30.8889) 
.5667 
(.1222) 
.0698 
(.0162) 
4.57 153.2840 
(64.5101) 
-114.5763 
(116.1540) 
54.0356 
(31.4372) 
.5439 
(.1353) 
.0638 
(.0170) 
4.58 180.4062 
(62 .0028) 
-165.3340 
(111.8106) 
76.0483 
(31.2212) 
.6020 
(.1301) 
.0687 
( .0161) 
4.59 175.6484 
(65.5632) 
-161.3982 
(114.5361) 
73.5423 
(33.1349) 
.5081 
(.1330) 
.0690 
(.0164) 
4.60 168.3872 
(54.5084) 
-210.3764 
(58.5380) 
35.0131 
(29.9748) 
.5659 
(.1078) 
.0648 
(.0144) 
4.61& 
-25.9239 
(33.3338) 
-13.6106 
(28.2276) 
.3995 
(.0917) 
.0426 
( .0164) 
4.62% 152.8632 
(54.2885) 
-162.4432 
(98.1853) 
21.5641 
(26.9654) 
.5669 
(.1116) 
.0630 
(.0143) 
4.63 158.3905 
(61.6857) 
-380.4720 
(122.8724) 
195.6252 
(48.3141) 
.4101 
( .1290) 
.0866 
(.0154) 
4.64 166.1914 
(58.3761) 
-332.2043 
(115.1509) 
163.2308 
(40.6215) 
.4965 
(.1157) 
.0745 
(.0181) 
4.8731 
(2.iilii5) 
6.7967 
(1.9805) 
.000$ 
(.0003) 
.0001 
(.0003) 
Average: 
169.9468 -185.6024 82.3790° .5153 .0662 .0004 .0005 5.8349 -
^Based upon Cycle Division A. 
^Computed from positive coefficients only 
R labiés in selected equations explaining yy[j^(t), the regional number of calves raised 
XjCt) 
Total 
posable 
ncome 
Price 
of milk 
X R (t) 
132 
Lagged 
price Price 
of milk of lambs 
'l3ii 
(t) D2 
Coefficient 
Price Intercept of deter-
of hogs Intercept change mination 
-555.5U66 -1.1968 .68 
(191.9312) (62.2232) 
4.8731 -61.0608 -.0002 .63 
2.iilii5) (23.7840) (66.7821) 
-L90.1lk5 -11.3986 -1.0559 .68 
(26i;.0ùô6) (30.5095) (63.0781) 
-110.6504 -.0004 .64 
(63.0761) (66.5459) 
-489.0894 -46.0769 -1.0538 .69 
(218.1076) (66.0805) (62.7291) 
-146.6937 -43.1508 -3.1207 -.9625 .69 
(275.2784) (68.0343) (31.2384) (63.6953) 
-184.2680 -323.5264 484.6^40 .75 
(224.7898) (126.0624) (169.9651) 
5.7967 -19.5226 -428.2872 642.4304 .77 
1.9805) (21.6538) (111.0635) (145.8961) 
-40.1677 -349.8973 524.8455 .75 
(57.4514) (113.9280) (148.7929) 
-1,055.5039 95.5951 22.5473 -5«4128 .77 
(291.0124) (75.2165) (27.9508) (56.0563) 
-842.7891 70.5859 -4.3220 .75 
(222.4144) (72.5926) (56.5249) 
;.83L9 -433.1424 -949.1465 -60.0115 -25.0257, 550.6566 
84.0905b 22.5473° 
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Table 22. Region III, East North Central States, Estimated unit effects of variables in 
calves raised 
Equa­
tion 
number 
Calf 
price 
793 ("t) 
Cattle 
price 
X9k(t) 
Lagged 
cattle 
price 
X|^7(t) 
Cow and 
heifer 
inventory 
Xy^(t) 
Hay-
production 
Xgj_(t) 
Corn 
production 
Xj(t) 
Total 
disposable 
income 
*12! 
Pri( 
of m: 
-260.4910 
(55.5311) 
168.4875 
(57.2847) 
49.4792 
(10.6861) 
-.4004 
(.1186) 
.0457 
(.0101) 
.0002 
(.0002) 
ii.66 -228.3201 
(59.5^10) 
133.0521 
(60.6974) 
49.9761 
(10.7003) 
-.3688 
(.1270) 
.0449 
(.0102) 
-65.9: 
(75.0: 
1.67 -249.1583 
(63.8287) 
264.1715 
(71.6212) 
49.6115 
(11.0149) 
.0427 
(.1241) 
.0509 
(.0104) 
4.2752 
(1.2794) 
-227.55 
(101.7f 
L*68 -271.3240 
(58.3926) 
218.4566 
(66.9557) 
53.3597 
(10.0731) 
-.1899 
(.1401) 
.0474 
(.0095) 
2.9794 
(1.2495) 
-210,1: 
(92.4: 
4.69* -299.0701 
(57.8615) 
228.6038 
(65.5983) 
36.9201 
(10.2448) 
-.2966 
(.1085) 
.0473 
(.0095) 
2.1637 
(.9477) 
1.70* -209.1444 
(49.2278) 
159.4311 
(63.6044) 
32.9318 
(10.3997) 
.0446 
(.0098) 
2.5773 
(.9602) 
4.71* -285.3180 
(59.6037) 
215.5694 
(66.4723) 
36.0394 
(10.1588) 
-.2319 
(.1193) 
.0450 
(.0095) 
.0002 
(.0002) 
1.9504 
(.9659) 
4.72S -262.2718 
(53.9359) 
165.9174 
(62.0003) 
62.7558 
(13.1096) 
-.1940 
(.1076) 
.0391 
(.0087) 
.0002 
(.0002) 
2.9459 
(.9330) 
4.73 -263.0384 
(60.2525) 
205.7749 
(70.1550) 
51.5856 
(10.3614) 
-.1678 
(.1422) 
.0455 
(.0097) 
.0002 
(.0002) 
2.5089 
(1.3244) 
-172.65 
(111.5c 
Average 
-258.6818 195.4960 46.9621 -.2258 .0456 .0002 2.7715 -169.01 
^Based upon Cycle Division A. 
^Computed from negative coefficients only. 
)f variables in selected equations explaining yy^(t), the regional number of 
Total 
iposable 
.ncome 
Xi2y(t) 
Price 
of milk 
2^130 ("t) 
Lagged 
price 
of milk 
^132^^^ 
Price 
of lambs 
Price 
of hogs 
Xo 
Intercept 
Do 
Intercept 
change 
Coefficient 
of deter­
mination 
74.4618 
(20.9821) 
.0001 
(20.6116) 
.67 
-65.9191 
(75.0101) 
79.8575 
(21.6596) 
-.1419 
(20.6093) 
.67 
k.2752 
1.279k) 
-227.5959 
(101.7570) 
-.4905 
(21.1947) 
.65 
2.9794 
1.2k95) 
-210.1194 
(92.4339) 
60.5369 
(21.7554) 
-.4527 
(19.2083) 
.72 
2.1637 
(.9177) 
69.1418 
(20.9600) 
-111.3641 
(40.0352) 
167.0461 
152.8416) 
.73 
2.5773 
(.9602) 
52.9254 
(19.2009) 
-20.0944 
(9.0453) 
-92.1474 
(42.8101) 
138.2210 
(57.0130) 
.71 
1.9504 
(.9659) 
75.4oiiO 
(21.0848) 
-11.2019 
(9.6299) 
-105.1341 
(41.5219) 
157.7010 
(55.5244) 
.75 
2.9459 
(.9330) 
-248.6980 
(87.9594) 
90.6748 
(19.6188) 
3.8159 
(10.1202) 
-101.2890 
(37.1668) 
150.0205 
(49.7414) 
.81 
2.5089 
1.3244) 
-172.6650 
(111.5035) 
67.2140 
(22.7605) 
-9.3184 
(11.2165) 
.3720 
(19.3883) 
.74 
2.7715 -169.0799 -248.6980 71.2770 -13.5382b 153.2472 
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Region III. Even the smallest regional elasticities are 
larger than the national ones. The latter empirical result 
is plausible in view of the fact that in the investigated 
regions cattle production is relatively highly commercialized 
and therefore responsive to the profitability changes asso­
ciated with changes in the lagged slaughter cattle price. 
R 
c. Current slaughter calf price, yn^(t) In Subsec­
tion III.D.3» where we discuss the same variable at the 
national level, we accept a positive sign of oo^ as more 
plausible than a negative one. For Region I all c^^-coeffi= 
cients but one are positive and at least lowly significant in 
two-sided t-tests. The only negative c^g-coefficient in Table 
20 is in absolute value greater than the average of all 
selected positive coefficients. However, its significance 
level is only about .50 because its standard error is approxi­
mately three times as large as the average standard error of 
the positive coefficients. For Region II all c^g-coefficients 
are positive and all but one are highly significant. For 
Region III all c^g-coefficients are negative and highly sig­
nificant . 
The regional differences in the direction of the pre­
dicted response to a change in the current slaughter calf 
price cannot easily be explained. They may be associated with 
regional differences in the proportion of milk cattle in all 
cattle. This is plausible because, in a simplified classifi­
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cation, Regions I and II may be termed beef regions and Region 
III a dairy region. The estimated elasticities are smallest 
for Region II and largest for Region III. 
2. Other variables 
a. Cow and heifer inventory, x^^(t) The 5)^^,-coeffi­
cient is positive in all and highly significant in almost all 
selected equations for Regions I and II. The direction of the 
predicted change is as expected if the ceteris-parlbus condi­
tion is imposed. For Region III, however, all b^^-coeffl-
cients but one are negative. They are statistically about as 
significant as the corresponding coefficients for Region I, A 
negative b^-p-coefficient is plausible under either one or a 
combination of both of the following arguments: 
An Increasing inventory number of cows and heifers may 
well be associated with or be followed by a decreasing number 
of calves raised if concomitantly 1) the average fertility 
rate decreases and/or the death losses of calves increase 
and/or if 2) the percentage of all available calves raised 
decreases. 
The average fertility rate, i.e. the number of calves 
born in year t expressed in percent of the cow and heifer in­
ventory on January 1 of year t, may decrease if beef cows and 
heifers replace milk cows and heifers and if the average fer­
tility rate of the former is lower than-that of the latter. 
According to the definition of milk cows and of beef cows 
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underlying the published time series, a milk cow ceases to be 
a milk cow, i..e,, she can no longer be used for milk produc­
tion, if she does not bring forth a calf annually. The 
national average calf availability rate plotted in Figure 3 
of Chapter II is so low that, even after an allowance is made 
for death losses of calves, we may assume that the average 
fertility rate is higher for milk cows and heifers than for 
beef cows and heifers. The first condition of the above 
statement is also fulfilled. The proportion of beef cows and 
heifers in Region III increased from about six percent in the 
period 1931 through 1933 to about 22 percent in the period 
1959 through 1962. Therefore negative values of b/j.y become at 
least plausible. 
During an inventory expansion, the average fertility rate 
may decrease more in a milk-producing area than in a beef-
producing area because during a few consecutive years of ex­
pansion the relatively high average fertility rate in dairy 
herds may be more difficult to maintain than the originally 
lower fertility rate in beef herds. During a contraction, the 
fertility rate can potentially rise more in beef herds than in 
dairy herds. The marginal fertility rate, i.e. the fertility 
rate of additional cows and heifers, can never be negative. 
However, if cows and heifers with a relatively low fertility 
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rate are added^ in a few years in a row during an expansion, 
the average fertility rate may be lowered so much that in­
creasing cow and heifer numbers may be associated with a de­
creasing number of calves available and, hence, with a de­
creasing number of calves raised. 
The percentage of all available calves raised may de­
crease if milk cows and heifers grow proportionately more than 
beef cows and heifers. A relatively large proportion of the 
available beef calves is raised because beef calves which can 
be fed are the main annual product of beef cows. In milk pro­
duction, however, calves are only a by-product, which is need­
ed only to a relatively small extent for the maintenance of 
the milk cow herds. If this average relationship applies also 
to inventory changes, ^.e. if it holds also in a marginal 
sense, negative values of b/j,r; are plausible also according to 
this reasoning. It will not be applicable to Region III, how­
ever, because milk cows and heifers decreased proportionately 
during the period studied. 
b. Hay production, Xyy(t) The expected effect of the 
regional total production of all types of hay upon the number 
of calves raised is positive. The estimated effect is posi­
tive in all selected equations for the three regions studied. 
The significance levels and the estimated elasticities increase 
^Cows are kept longer. 
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from Region I to Region III. The tendency of these regional 
differences coincides with an increasing proportion of har­
vested roughage and a decreasing proportion of range feed in 
the cattle feed ration. 
c. Current corn production, zg^ft), and lagged corn 
production, The expected sign of bg^ and bg2 is 
positive no matter whether calves are raised for feeding or 
for breeding and independent of the length of the period con­
sidered. All estimated coefficients but one for Region I 
conform to our expectations. The estimated elasticities of 
the number of calves raised with respect to the current pro­
duction of corn increase from Region I to Region III. 
d. Current milk price, Xi29(t), and lagged milk price, 
xi3o(t) The estimated effect of changes in the national 
milk price received by farmers on the regional number of 
calves raised is negative in all selected equations but one. 
The significance levels are highest for Region II. The elas-
R R 
tlcities of ynh(t) with respect to x^^oft) which are derived 
from negative values of ^^29 decrease in absolute value from 
Region I to Region III. The elasticities of the regional num­
ber of calves raised with respect to the lagged milk price are 
smallest for Region I and largest for Region II. 
e. Price of lambs, The bij2rG°Gfficient8 are 
negative as expected in most equations for Regions I and II. 
However, most coefficients are only lowly significant. In 
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Region III, however, all b222"G0GffiGÏGnts are positive and 
highly significant in two-sided tests. 
R f. Price of hogs, The estimated coefficient 
of the price of hogs received by farmers is negative as ex­
pected in all selected equations for Regions II and III in 
which b^^^ reaches at least acceptable significance levels. 
For Region I the effect of the hog price upon the number of 
calves raised is not investigated. 
g. Intercept changes The predicted intercept changes 
are highly significant in all three regions studied. 
h. Summary Perceptible differences in the response 
of the number of calves raised to changes in various variables 
exist among the selected regions. Certain differences in the 
response among these regions are expected. Their interpreta­
tion therefore causes no problem. Others are partly or en-
2 tirely inexplicable. The obtained R -values for most selected 
equations are between ,65 and .80, Since the R^-values of 
equations without an intercept-shifting dummy variable usually 
lie in the lower part of this range, there is still ample un­
explained variation in the dependent variable. The magnitude 
p 
of the rise in the R -value associated with the inclusion of 
a dummy variable usually is inversely related with the number 
of other explanatory variables in an equation. 
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V. SUMMARY 
A. The Objective and the Object 
1. The objective 
The objective of this econometric investigation is to ex­
plain the cattle cycle in the United States and three selected 
regions. The objective is accomplished by specifying and 
estimating policy models of the cattle cycle and by testing 
hypotheses about their parameters. Several simultaneous equa­
tion models of the following form are constructed: 
(5.1) l'(t)G + x'(t)B + u'(t) = o' , 
where ^'(t), x'(t), and u'(t) are the row vectors of the 
jointly dependent variables, of the predetermined variables, 
and of the unobserved disturbances in the equations, respec­
tively; o' is a row vector of zeros; Ç and B are the matrices 
of the coefficients of the jointly dependent variables and of 
the predetermined variables, respectively. 
Much attention is given to an investigation of a possibly 
cyclic behavior of the parameters of the model. This is done 
because the cyclic fluctuations of the variables listed in the 
following subsection, especially of the inventory cycle vari­
ables, are of special interest in this study. If the para­
meters undergo changes in various phases of the cattle cycle, 
the changes between the inventory expansion phase (^.e. 
"upswing") and the inventory reduction phase (i..e. "downswing") 
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should be largest. Therefore, changes in selected parameters 
between upswings and downswings are hypothesized. The hypoth­
esized nonlinearities in the coefficients of the predetermined 
variables are made amenable to linear estimation methods and 
to ordinary significance tests by addition of one or more 
dummy variables to the set of predetermined variables. 
Two-stage least squares estimation is employed to derive 
numerical estimates of the elements of the coefficient matrices 
Ç and B (B may also Include the coefficients of dummy vari­
ables) which are not specified to be zero on an a priori 
basis. Ordinary t-tests are used to test the hypotheses. 
2. The object 
The object of this study Is the cattle-producing sector 
as represented by time series for the United States as a whole 
and for three selected regions. Annual time series for the 
periods 1925 through I962 and I925 through I963, respectively, 
are used. The inventory series refer to January 1; almost all 
other time series refer to the calendar year. Deviations of 
the observed values from the respective trend values, obtained 
in a regression of each variable on time, form the basis of 
the econometric analysis. 
On the national level, the twelve^ variables below are 
is considered a version of yggft) and is there­
fore not counted as a separate variable. 
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explained, i^e., one set of equations for each variable is 
specified and estimated; hypotheses about the coefficients of 
the variables in the equations are tested. The variables are 
grouped according to the cycle they refer to. The number of 
the table with the estimates of the coefficients and the 
designation of the section or subsection of Chapter III with 
the respective discussion are stated in parentheses. 
Group A. Variables of the inventory cycle: 
yil^(t), the number of cows and heifers kept (Table 2, 
Section B); 
yi2o(t), the number of calves kept as young heifers 
(Table 3, Section C); 
yy^ft), the number of calves raised (Table 4, 
Section D); 
y^^(t), the number of calves available (Table 5» 
Section ii) . 
Group B. Variables of the price and income cycle: 
y^^ft), the current slaughter cattle price received by 
farmers (Table 6, Subsection F.l); 
y2&(t), the current slaughter calf price received by 
farmers (Table 7» Subsection P.2); 
y^ft), the gross farm income from cattle and calves 
(Table 8, Subsection F.3). 
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Group G. Variables of the slaughter and import cycle: 
y28(t) and y^g(t), the total number of cattle slaughtered 
and the number of cattle of domestic origin 
slaughtered (Table 9» Subsection G.l); 
the number calves slaughtered (Table 10, Sub­
section G,2) ; 
the average live weight of cattle slaughtered 
under federal inspection (Table 11, Subsection 
G.3); 
the average live weight of calves slaughtered 
under federal inspection (Table 12, Subsection 
G.4); 
the net imports of cattle and calves (Table 12; 
Subsection G.5). 
Chapter IV deals with the regional empirical results. 
The first three variables of Group A are analyzed for the fol­
lowing regions; Region I, Western States; Region II, West 
North Central States; and Region III, East North Central 
States. 
B. The Results 
1. The results in general 
a. Numerical results The numerical results of the 
statistical estimation are summarized in three tables. Table 
23 shows the average unit effects of the variables in the 
733(t), 
y3Zf(t), 
y36(t), 
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columns on the left-hand dependent variables for the United 
States. These average coefficients are taken from the lines 
called "average" in the respective tables of Chapter III. The 
corresponding trend elasticities 6-^52 (evaluated at the I962-
trend values of the respective variables) and the mean elas­
ticities ëjyj (evaluated at the means of the respective vari­
ables) are given in Table 24. The trend and mean elasticities 
of the variables on the inventory numbers in three cattle 
classes for three regions of the United States and for the 
United States as a whole are presented in Table 25. 
The coefficients in Columns 2 through l4 and 15 through 
34 of Table 23 are average estimates of the nonzero elements 
of C* f the transpose of Ç, and of B', the transpose of B in 
1.2 and/or 5.1» respectively. Especially in B' of Table 23, 
the nonzero elements are more numerous than in a matrix B' 
which consists of individual unit effects instead of average 
unit effects. The reason for this difference is the exclusion 
of some explanatory variables from individual equations, which 
does not come to light if average effects are arranged in a 
matrix. 
The 1962-trend values, the means, and the coefficients of 
regression on time of the variables used in this study are 
presented in Section B of the Appendix (Tables 26 and 27). 
For the prediction of the trend values for future years, it 
seems advisable to use the 1962-trend values and the regres-
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•Table 23. U.S.A.: Average unit effects of variables (in the columns) in equations explaining the 
yiijltj yi2oit; 
Calves 
ypslt) yi(t) 
Farm 
Cows and kept as Califes income 
heifers young Calves avail­ Cattle Calf from 
left-hand dependent keot heifers raised able price price cattle 
variables - (1,000 (1,000 (1,000 (1,000 (raillio: 
explained variables head) head) head) head) ($A00 lbs .) (ip/lOO lbs.) dollars 
1 2 3 4 5 6 7 8 
7119(t). 
yi2o(t), 
y69(t), 
yggft), 
yi(t), 
y28(t), 
t), 
y3k(t), 
yjôft). 
Cows and 
heifers kept 
Calves kept 
as heifers 
Calves raised 
Calves available 
Cattle price 
Calf price 
Farm income 
from cattle 
Total cattle 
slaughter 
Domestic cattle 
slaughter 
Calf slaughter 
live weight 
of cattle 
Live weight 
of calves 
Net imports 
of cattle 
1.000 
1.000 
1.000 .58^0 
1.000 
-160.3797 
-79.7177 
-9^3.1268 713.1118 
1.000 
1.000 
87.421 
163.422 
162.536 
524.918 
,290 1,040:029 -908,710 
-1.90146 
5.89317 -5.11353 
7.90783 
Laining the left-hand dependent variables (in the rows) 
nt variables - endogenous variables 
ygslt; yjjlt) 
Farm Total 
income cattle Domestic Live Live Net 
from slaugh­ cattle Calf weight weight imports 
cattle ter slaughter slaughter of cattle of calves of cattle 
(million (1,000 (1,000 (1,000 (1,000 
3.) dollars) head) head) head) (pounds) (pounds) head) 
8 9 10 11 12 13 HI 
-.3390 
-.2279 
3 
-.00112 .04098 
.00086 
l.OUO -.2y8 .312 -29.k90 
l.OuO -111.6^1 
1.000 35.6lt8 
1.000 
-.00552 1.000 
53 .00235 1.000 
-.07561 1.000 
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Table 23. (Continued) 
Predetermined variables - lagged endogenous variables 
X56(t) 
-
p 
Inven­ Cow and Young Lagged 
tory heifer heifer Calf net Lagged La 
of all inven­ inven­ inven­ imports cattle c 
Left-hand dependent cattle tory tory tory^ of cattle price pr 
variables - (1,000 (1,000 (1,000 (1,000 (1,000 (."3/100 (é 
explained variables head) head) head) head) head) lbs.) 1 
1 15 16 17 18 19 20 
yiig(t), Cows and 
heifers kept .861:3 .yi70 13^.^877 
yi2o('t)i Calves kept 
as heifers .^361 6k*9kS7 
yyl^Ct), Calves raised 12^.12^8 
y(,p(t), Calves available .7702 37 •6803 28 
y^^(t); Cattle price -.00116 .17563 
yp6(t)f Calf price 1.07069 
y-j^(t), Farm income 
from cattle 
y2Q(t), Total cattle 
slaughter .317 -1.757 -407.955 
y38(t), Domestic cattle 
slaughter .605 -523.005 
733(t). Calf slaughter -11:3.958 
yoK(t), Live weight 
of cattle -1.114217 
yo^(t). Live weight 
of calves 
7351t), Net imports 
of cattle -55.I998L 
^Statistically not significant 
IS Predetermined variables - exogenous variables 
X^g(t) Xggtt) Xgijlt) Xgylt) 
^17 
Lagged Corn Total 
jagged Hay hay Corn supply Lagged dispos­ Supply 
calf pro­ pro- pro­ on corn Corn able of other 
)rice duction daction duction farms supply price income meats 
i;/ioo (1,000 (1,000 (million (million (million (Ô/bu.) (billion (million 
lbs.) tons) tons) bu. ) bu. ) bu. ) dollars) lbs.) 
21 22 23 2h 23' 26 27 28 29 
.0287 .kShl .4333 
.0222 -.I4I05 -.3061 1,150.0857 
.0138 .3633 -.1381 -1.0227 -1,585.9911 
#.131S .0188 
8.10^13 .06^71 -.000^1 
.00017 -.03130 .00036 
-.022 .806 37.370 .152 
-.117 
-.039 2.hn 37.566 -.957 
1.519 21.619 -1.631 
-.030 2,617.971 3.716 -.278 
-.00058 
.02375 .65109 
.00022 
.00801 3.93861 -.01743 
icogenous variables 
%u7 
Corn 
price 
(Ô/bu.) 
27 
Total 
dispos­
able 
income 
^17( 
Supply 
of other 
meats 
(billion (million 
dollars) lbs.) 
28 2y 
Predetermined variables dummy variables 
ir D 
Intercept 
change 
30 
% 
Change 
in byk 
31 
Di 
'47 
Change 
in bj^y 
32 
D. ?7 % 
Change 
in b.,^ 
33 
Change 
in b^y 
3h 
1,2U1.7Ï15 115^7388 .okSk 
1,1:50.0857 389.6650 80.ii75ii .0218 
-1,585.9911 1,357.6989 n.s.a n.s.a 
918.8165 123.1755 .1723 -114.4679 
8.10iili3 .06471 -.00041 -1.48334 
-.03130 .00036 -1.27548 
37.370 .152 -190.224 
-.117 
37.566 -.957 -614.738 
24.649 -1.634 n.s.^ 
2,647.971 3.716 -.278 1,403.929 
.65109 
3.11222 
3.93861 
-.01743 59.80985 
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Table 2it. U.S.A.: Trend and mean elasticities of the left-hand dependent vari 
Left-hand 
dependent variables 
All ^oun 
cattle heife 
inventory Cow and heifer inventory invent 
Average Average Upswing Downswing Aver a 
ynq(t) J Cows and 
heifers kept 
^120^^^-» Calves kept as 
young heifers 
yy2|(t). Calves raised 
yAoCt), Calves 
available 
793("t)J Cattle price 
Calf price 
y^Ct), Farm income 
from cattle 
^28^^)' Total cattle 
slaughter 
y_j^(t). Domestic cattle 
slaughter 
y^sCt), Calf slaughter 
y-j 1, (t). Live weight 
of cattle 
y_j^(t), live weight 
of calves 
Net imports 
of cattle 
®T62 
eT62 
% 
^T62 
% 
®T62 
®T62 
®T62 
®T62 
^T62 1 .183 
% 1 .312 
®T62 2 .308 
2 .559 
®T62 
®M 
ëT62 
®M 
®T62 
ej4 
®T62 
®K 
.855 
.856 
.235 
.222 
.938 
1.001 
.912 
.977 
.712 
.759 
^Not significant, 
^rom Equation 3'h9 only. 
T^ariables in the rows with respect to the explanatory variables in the columns 
X62(t) y69(t) x$6(t) ygjCt) xpi^Ct) yg6(t) 
^oung Calves Calf 
3ifer avail- inven- Cattle Calf 
rentory able tory price Lagged cattle price price La 
rerage Average Average Average Average Upswing Downswing Average Averag 
.235 
,222 
-871+ 
.926 
1.030 
.879 
.888 
.838 
1 b .060 .058 .123 
CVJ 1 
.0U2 -obo .086 
-.liii .112 .138 .277 
-.105 .083 -102 .205 
-.807 .104 n.s n.s .666 
CVJ 1 .082 n.s n.s.® .5^ 8 
.021 .007 .075 
.016 .005 .056 
.172 
.170 
'9h9 
-910 
.263 , 
(.U92)^  
.320 
(.599)* 
.139 -.341 
.113 -.275 
.L59 -.Uhl 
.37b -.361 
2.113 -.283 -2.017 
1.352 -.180 -1.336 
— .0^ 3 — «025 
-.026 -.015 
.597 
-.571 
.387 
-.383 
• 277 -1.889 
.237 -1.603 
.017 
.013 
ispect to the explanatory variables in the columns 
y93(t) xpiiCt) X^yCt) 
lattle 
)rice Lagged cattle price 
Calf 
jprice Lagged calf price 
rerage Average Upswing Downswing Average Average Upswing Downswing 
07U .060 .058 .123 
,052 .0U2 .0^ 0 .086 
,li|l .112 .138 .277 
,105 .083 .102 .205 
807 .104 n.s.3 n.s .666 
6i;2 .082 n.s n.s.® .5^ 8 
.021 .007 .075 .017 .001 .071 
.016 .005 .056 .013 .001 .055 
.172 
.170 
.949 
-910 
263 , 
h92)^ 
320 
599)^  
139 -.3^ 1 
113 -.275 
h^9 -.Uhl 
37h -.361 
113 -.283 -2.017 
352 — «180 -1.336 
0^ 3 -.025 
026 -.015 
597 1 H
 
387 
-.383 
277 -1.889 
-1.603 
Table 21;• (Continued) 
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728 y3i;(t) 
Live Live 
Total weight weight 
cattle Calf of of 
Left-hand slaughter slaughter cattle calves 
dependent variables Average Average Average Average 
yil9(t) 5 Cows and ®T62 -.193 
heifers kept 
% -.167 
yi2o(t) , Calves kept as ër62 -.207 
young heifers 
% -.190 
yyijCt), Calves raised ®T62 
y69(t). Calves ®T62 
available 
% 
y93(t), Cattle price ®T62 -1.310 1.822 
% -1.607 3.016 
Calf price ®T62 .387 
% .585 
yï(t), Farm income ®T62 -1.049 .511 -3.9k3 
from cattle 
-1.567 .972 -7.919 
y28(t), Total cattle ®T62 -L.2L3 
slaughter 
% -5.727 
y^gft), Domestic cattle ®T62 1.385 
slaughter 
1.868 
Calf slaughter ®T62 
-3.056 
-U.551 
y^^(t)j Cows and 
heifers kept 
yi2o(t), Calves kept as 
young heifers 
yy^(t). Calves raised 
769(t)j Calves 
available 
7^3 ("t)» Cattle price 
y^^Ct); Calf price 
y]_(t), Farm income 
from cattle 
y2g(t), Total cattle 
slaughter 
738 ("t) J Domestic cattle 
slaughter 
733(t). Calf slaughter 
7ih(t), live weight 
of cattle 
73^(t), live weight 
of calves 
7-^(t), Net imports 
^ of cattle 
®T62 -.193 
% -.167 
ëT62 -.207 
% -.190 
®T62 
®T62 
% 
®T62 -1.310 1.822 
% -1.607 3.016 
®T62 .387 
% .585 
®T62 -1.049 .511 -3.943 
-1.567 .972 -7.919 
®T62 -1.243 
% -5.727 
ëT62 1.385 
®M 1.868 
®T62 
% 
®T62 -.1^5 
% -.195 
®T62 .118 
% .120 
®T62 -3.098 
-3.252 
y35(t) X37(t) X r j r j i t )  XygCt) X8i(t) X8!;(t) 
Live Lagged 
weight Lagged hay Corn Lagged 
of net produc­ produc­ Corn corn 
calves imports Hay production tion tion supply supply 
Average Average Average Upswing Downswing Average Average Average Average 
.071 .152 ,oko .032 .031+ 
.069 .lii7 .039 .029 .030 
.211 .331 .121; -.110 -.09k 
.217 .311 .127 -.108 -.089 
.063 n.s.^ n.s.& .017 -.065 -.147 
.069 n.s.^ n.s.^ .019 -.065 -.118 
.oit5 
.072 
-.030 -.0^1 
-.036 -.07ii 
-3.056 .830 
-U.551 1.105 
-.356 .112 
-.597 .631 
-.033 -.181 .351 
-.338 -.203 .362 
.225 
-.325 
-.287 
-.070 
.232 
071 .152 .oLo .032 .034 
069 .lil7 .039 .029 .030 
211 .331 .121; -.110 
0
 1 
217 .311 .127 -.108 -.089 
063 n.s.^ n.s.& .017 1
 0
 
-.lk7 
069 n.s.^ n.s.^ .019 -.065 -.lii8 
.oit5 
.072 
-.030 -.oSL 
..036 -.07k 
.830 
1.105 
— .356 •14-12 
-.597 .631 
-.033 -.181 .351 
-.038 -.203 
-.325 
-.287 
-.070 
.362 
.225 
.232 
.091 
-.058 .069 
.12U 
.107 
1.510 
1.779 
.032 .031+ 
.029 .030 
-.110 -.091+ 
-.108 -.089 
.047 -.065 -.147 
.049 -.065 -.148 
045 
072 
.412 
.634 
.351 
.362 
.225 
.232 
.091 
.069 
.163 
.148 
-.085 
-.083 
.514 .943 -.334 
.627 .812 -.432 
-»4l4 .226 
-.344 .332 
1.638 -.287 
1.718 -.451 
.468 -.667 
.328 -.702 
.314 -1=164 
.220 -1.225 
.339 .109 -.456 
.265 .060 -.377 
.213 
.111 
2.010 
1.481 
-.497 
-.550 
XygCt) X8i(t) XgjCt) Xg^Cb) Xg^Ct) X^(t) Xiyft) 
Lagged Supply-
hay Corn Lagged Dispos- of 
produc- produc- Corn corn Corn able other 
tion tion supply supply price income meats 
: Average Average Average Average Average Average Average 
.032 .03I; 
.029 .030 
-.110 -.09b .163 
-.108 -.089 .12^8 
.0^7 -.065 -.lb? -.085 
.019 -.065 -.118 -.083 
.015 
.072 
.5]ii M -.33ii 
.627 .812 -.432 
-.lilL .226 
-.341 .332 
.112 1.638 -.287 
.631 1.718 -.151 
.351 .U68 -.667 
.362 .328 -.702 
.225 i3ll -l=l6h 
.232 .220 -1.225 
.339 .109 -.156 
.265 .060 -.377 
.091 .213 
m 
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Table 2$. U.S.A., Regions I, II, and III: Estimated average trend and mean elasticities for the 
Central States), and Region III (East North Central States)^ 
Explained variables 
Cattle 
_ price _ 
®T62 ®M 
zpôft) 
Calf 
_ price _ 
®T62 ®M 
Lagged 
cattle 
price 
®T62 % 
XL7(t) 
Cow and 
heifer 
inventory^ 
®T62 ®M 
711^(t). Cows and 
heifers kept 
U «S.A. 
-.071 -.052 .060 .042 .855 .856 
Region I 
-.093 — .068 .087 .063 .693 .698 
Region II -.05% -.039 .180 .125 .869 .872 
Region III -.Oit7 -.031 .090 .058 .850 .842 
^120Calves kept as 
young heifers 
U.S.A. -.lU -.105 .112 .083 
Region I .187 .111 -.099 -, .071 
Region II .215 
-.156 
ON 
—
1 
C
O
 
CM 
r—
! 
1—1 1 
.119 .090 
Region III 
-.071 
.lii7 
-.056 
.115 
.161 .12k 
y^i^Ct), Calves raised 
U.S.A. -.807 -.6ii2 .666 .51:8 ,10h .082 
Region I -.681 
1.118 
-.541 
.889 
.701 .536 
-.799 -.611 
.123 .096 .898 .987 
Region II -.i{i;l 
-.375 .118 .379 .197 ,161; .638 .766 
Region III l.lli3 .970 -1.752 -1.537 .272 ,227 -.124 -.548 
^The entries are the estimated average elasticities of the variables in the rows with respe 
for the same variables are shown if there is sufficient statistical evidence for both coefficier 
Jticities for the United States, Region I (Western States), Region H (West North 
XL7(t) X62(t) X8i(t) 
Cow and Young 
heifer heifer Calf Hay Corn 
inventory inventory inventory production production 
®T62 ®T62 ®M ®T62 ®T62 ®T62 ®M 
.822 .836 .235 .222 .071 .069 .032 .029 
.693 .698 .119 .113 .lUi .132 .020 .022 
.869 .872 .072 .067 .096 .086 .063 .033 
.830 .8ii2 .288 .238 .032 .029 -.036 -.Oil 
.888 .838 .211 .217 -.110 -.108 
.961 .922 .363 .k07 -.oil -.012 
.793 .728 .133 .128 .223 .207 
.378 .330 .063 .069 .018 .016 
.063 .069 .047 .Oh? 
.898 .987 .194 .228 .029 .036 
.638 .766 .267 .281 .063 .066 
-.124 -.548 .289 .333 .072 .066 
= rows witti respect to the variables in the columns. Positive and negative estimates 
r both coefficients. 
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Table 2^, (Continued) 
X82('fc) Xi2Q(t) xi3o(t) 
lagged 
corn Price lagged price 
Explained variables production of milk of milk of 
e T62 ®T62 ®T62 ®M ®T62 
yil^(t), Cows and 
heifers kept 
U.S.A. 
Region I -.036 -.oho -.107 -.089 .105 
Region II .037 .032 -.149 -.116 -.176 -.136 -.035 
Region III 
-.123 -.088 -.128 
Calves kept as 
young heifers 
U.S.A. 
Region I .016 .018 .072 .063 -.060 -.052 .111 
Region II .129 .121 .22k .189 
-.173 
Region HI .189 .162 .190 .163 -.084 
Calves raised 
U.S.A. 
Region I 
-.039 -.049 -.300 
.138 
-.274 
.126 
-.106 -.097 -.150 
Region II .078 .081 -.207 -.193 
-.447 -.416 -.135 
.190 
Region III 
-.205 -.191 -.297 -.276 M 
X232(t) ^135 ("t) xg(t) 
Total 
Price Lagged price Price Lagged price disposable 
of lambs of lambs of hogs of hogs income 
'T62 % ®T62 ®T62 % ®T62 % ®Tô2 ®M 
105 .087 
035 -.027 
123 -.093 
-.026 -.021 
-.017 -.037 
-.062 -.0^5 
-.020 —.016 
-.Qk3 -.032 
-.022 -.018 
-.127 -.080 
-.106 -.062 
-.113 -.061 
111 .096 
173 -.1L8 
081 -.073 
.095 .081 
-.213 -.181 
-.215 -.187 
.Olt9 
.ohh 
.015 
.024 
-.OiU; 
.039 
-.013 
.021 
-.181 -.312 
-.109 -.259 
-.2L0 -.155 
150 -.136 
135 -.127 
190 .178 
U05 .3dh 
-.OI48 -.0i;7 
,olà .013 
-.069 -.066 
.329 .225 
.198 .138 
.238 .166 
215 
slon coefficients, 
b. Interpretation of the numerical results Models 
that are linear in the coefficients and in the variables ex­
plain the cattle cycle almost as well as models that are non-
2 linear in selected parameters. The R -values of nonlinear 
equations are usually only a little larger than those of 
linear equations. The differences ordinarily increase if 
there is a decrease in the number of variables for which sig­
nificant coefficients of the correct sign can be obtained. 
In linear as well as nonlinear models, most estimates of 
the coefficients are statistically significant or highly sig­
nificant and possess the correct sign. Furthermore, the sign 
of an estimate usually does not change if limited changes in 
the set of explanatory variables of an equation are made. 
The estimated changes in the Intercept coefficients are 
significant or highly significant in most equations and in all 
areas where the hypothesis of change is tested. Changes be­
tween upswings and downswings in the coefficients of two and/or 
three variables in four sets of equations explaining the in­
ventory cycle at the national level are also tested. They are 
significant in three sets of equations. 
If the quality of prediction for any year studied is 
measured by the absolute magnitude of the deviation of the 
predicted from the observed value, the superiority of linear 
and nonlinear models undergoes changes in the course of the 
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cattle cycle. Linear models predict best in years close to 
the turning points of the cycle, whereas nonlinear models 
perform better in the remaining years between the turning 
points. These differences Indicate that the introduced non-
linearities are not sufficiently nonlinear in the following 
sense: 
The abrupt changes from downswings to upswings, and con­
versely, are of a relatively large magnitude because they are 
estimated from dummy variables which are based upon a division 
of a cycle into only two phases. The parameter changes can be 
made gradual by dividing a cycle into a larger number of 
phases and by increasing the number of dummy variables accord­
ingly. This is not done in this study because nonlinear equa­
tions predict little better than linear equations on the aver­
age over an entire cycle. Furthermore, the superiority gain 
from nonlinear models probably diminishes rapidly if the num­
ber of dummy variables for a particular coefficient is in­
creased, In addition, it becomes increasingly difficult to 
make predictions because the phase of the cycle has to be 
determined more frequentlyHence, the inclusion of addi­
tional nondummy explanatory variables may lead, in most cases, 
to a better prediction of the cattle cycle than an increase in 
the number of dummy variables. However, the limits to further 
improvements are also in this case rather narrow because the 
number of nonsignificant coefficients and the number of 
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coefficients of the wrong sign increase more than the number 
of explanatory variables in an equation. 
This econometric study supports the hypothesis that prof­
its in the cattle-producing sector are a major factor in the 
development over time of the cattle cycle. A contagion of 
optimism and of pessimism about the expected profitability of 
cattle production during an upswing and during a downswing, re­
spectively, may be a major determining factor especially of 
the cattle inventory cycle. 
2. The results in detail 
a. Equations explaining the inventory cycle 
1) Equations explaining Yiioft), the number of 
cows and heifers kept At the national level, the estimated 
coefficients of almost all variables in the selected equations 
explaining yii^ft) have the correct sign. Host coefficients 
are statistically significant or highly significant. At the 
regional level, the results are relativel'/ less uniform. 
2 The R -values are relatively high because the explanatory 
value of time has been eliminated from the data by using devi-
2 
ations from time trends. The R -values increased from Region 
2 I to Region III. The R -values for Region III are larger than 
those at the national level. 
The average elasticities of y^i^ft) with respect to y^^Ct), 
^The superscript R is dropped for brevity. 
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the current slaughter cattle price received by farmers, are 
negative for all areas^ studied. The absolute magnitude of 
the elasticity estimates decreases from Region I to Region 
III. This decrease is associated with an increase in the pro­
portion of milk cows and heifers in all cows and heifers on 
fariT.s. The average response to x^^ft), the lagged cattle 
price, is positive in all cases. 
The opposite signs of c^o and b^i^, may be interpreted in 
two ways. First, they may be taken as an indication that most 
cows and heifers are kept by farmers who interpret changes in 
the current slaughter cattle price as short run and changes in 
the lagged slaughter cattle price as longer run profitability 
indicators. Hence, cattle farmers keep fewer cows and heifers 
if the current slaughter cattle price rises. If the lagged 
slaughter cattle price shows an increase, they tend to keep 
more cows and heifers. Second, c^^ and b^ij. may be added and 
interpreted as the coefficient of ûy^^(t), cattle price 
changes, where Ay^^(t) = y^^ft) - There is a tendency 
for CA93, coefficient of Ay^^Ct), to reach a lower signif­
icance level than c^^ and b^^. This holds true also for equa­
tions explaining variables other than y^^ft). The sign of 
c/^93 is correct if the price changes are interpreted in the 
short run framework. 
At the national level, nonlinearities in three parameters 
are estimated. The estimated magnitudes of change in b^^ and 
l"Area" refers to one of the three selected regions and/ 
or to the United States as a whole. 
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bg are highly significant and that in is lowly (a = .14) 
significant. In particular, the trend (6^62) mean (ej^j) 
elasticities of with respect to are approxi­
mately twice as large during downswings as during upswings. 
The elasticities of y]_]^^(t) with respect to Xyy(t), the pro­
duction of all types of hay, are almost four times as large 
during upswings as during downswings. Other things remaining 
equal, an estimated 1,2 million more cows and heifers are kept 
- during an upswing than during a downswing. 
For the selected regions, only changes in the intercept 
coefficients are estimated. They are positive as expected and 
highly significant in all equations. 
2) Equations explaining yi2o(t), the number of 
calves kept as young heifers The effect of y^^ft), the cur­
rent slaughter cattle price, upon yi2o(t) is negative as ex­
pected for the U.S.A. as a whole. For Region I, however, the 
c^^-coefficients in all selected equations are positive and 
all but one are significant. For Regions II and III, positive 
or negative c^^-estimates of approximately equal significance 
levels are obtained in the selected equations depending upon 
other explanatory variables in the equation. The significance 
levels decrease from Region I to Region III. 
The effect of x^^ft), the lagged slaughter cattle price 
received by farmers, upon 7120^^) positive as expected for 
the U.S.A. as a whole and for Regions II and III. In Region 
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I, however, Is positive in all selected equations which 
contain both y^^(t) and x^j^(t). It is to be noted that for 
Region I the coefficients of the current and of the lagged 
slaughter cattle price possess unexpected signs. 
The national price of corn received by farmers has a 
highly significant positive effect upon yi2o(t). The positive 
sign is expected under either one or more of the following 
three conditions: unrestricted (short run) profit maximiza­
tion, profit maximization under capital rationing and/or under 
restrictions on corn supply. All statistically significant 
coefficients of xg^ft), the regional production of corn, are 
positive. They indicate that cattle farmers tend to inter­
pret annual changes in corn production as longer run develop­
ments and tend to adjust the size of the cow herds according­
ly. 
The nonlinearities in the coefficients of the same vari­
ables as in equations explaining yii9(t) are estimated and 
similar results are obtained. 
3) Equations explaining y^^ft), the number of 
calves raised The negative values of cg^ indicate that 
yy^(t) is negatively associated with y^^Ct), the current cat­
tle price, in the U.S,, in Region I (with the exception of one 
equation), and in Region II. In Region III, however, all 
c^^-coefficients are positive. These results are plausible. 
In regions with a relatively high proportion of beef cattle 
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in all cattle, the negative effect on the number of 
calves available, of an increase in cattle slaughter because 
of an increase in the current slaughter cattle price probably 
outweighs the positive effect of a price rise on yy^(t). In 
Region III, which is characterized by a relatively high pro­
portion of milk cattle, the elasticity of y^igft) with respect 
to y^3(t) is (in absolute value) relatively small (see Table 
25). Hence, the above-mentioned negative effect of is 
relatively small and a positive value of C93 for Region III 
is plausible. 
The coefficients of y^^ft), the current slaughter calf 
price received by farmers, are positive for the U.S.A. as a 
whole and for Regions I and II and negative in all selected 
equations for Region III. Positive values are more plausible 
than negative ones. 
No significant changes between upswings and downswings 
in the coefficients of the lagged slaughter cattle price and 
of the total production of all types of hay can be observed 
for the United States as a whole. No such changes are esti­
mated and tested for the selected regions. However, the 
intercept coefficients of equations for all investigated areas 
show highly significant changes, 
4) Equations explaining y6g(t), the number of 
calves available These and all remaining equations are 
estimated only for the United States as a whole. The equation 
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explaining is the only equation in the model which con­
tains, besides y^^(t), no endogenous variable. Since ordinary 
least squares estimation is appropriate in this case, this 
equation is used for experimenting with dummy variables based 
upon two different divisions of the cattle cycle for three 
explanatory variables and for the intercept coefficient. The 
numerical estimates of the coefficients are presented in 
Tables 5 and 24. The inventory of cows and heifers, x^y(t), 
explains 73 percent of the variance of y^g(t). The introduc­
tion of other explanatory variables, Including dummy vari-
2 
ables, leads to only modest increases in the H -values. Cycle 
Division A gives, on the average, better results than Cycle 
Division B. 
b. Equations explaining the price and income cycle 
In the equations explaining y^^ft), the current slaughter 
cattle price received by farmers, models that are linear in 
the coefficients and in the variables give a satisfactory 
explanation of the variance of y^^(t). The highest signifi­
cance levels are observed for current cattle slaughter, corn 
price received by farmers, total disposable income, and the 
supply of other meats. Similar statements apply to the equa­
tions explaining y^(t), the gross farm income from cattle and 
calves. The coefficients of total disposable income and of 
the supply of other meats indicate the dependency of the 
cattle-producing sector upon economic activity in the economy 
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as a whole and upon competing sectors within agriculture, re­
spectively. The approximate equality of the unit effects of 
total cattle slaughter and of lagged net imports of cattle,-
i.e. of cattle of foreign origin slaughtered, in the equations 
explaining y^^(t) indicates that the number of cattle slaugh­
tered and not their origin is a price-determining factor. 
0 .  Equations explaining the slaughter and import cycle 
In the equations explaining yggft), the total number of cattle 
slaughtered, a relatively large number of variables is sig­
nificant, The addition of an intercept-shifting dummy vari-
p 
able leads to only a negligible Improvement in the R -values. 
The contrary is true of the equations explaining the 
number of calves slaughtered. Variables with an acceptable 
sign in the equations explaining y^^ft), the average live 
weight of cattle slaughtered under federal inspection, are 
cattle slaughter, current and lagged cattle price, lagged 
corn supply, and total disposable income. The estimated in­
tercept changes are at most lowly significant. The same is 
true of equations explaining y^^ft), the average live weight 
2 
of calves slaughtered under federal inspection. The H -values 
of the equations explaining y^^(t), the net imports of cattle 
and calves, are unsatisfactory. 
3. Conclusion 
The objective of this study has been accomplished. 
Hence, this study has been fruitful. It is also potentially 
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fruitful in the sense that it provides a basis for further 
research on the cattle cycle. 
Three major areas are suggested for further work. 
Firstly, further dynamic models dealing explicitly with ex­
pectations and distributed-lag adjustments could be fitted. 
Secondly, the performance of various types of models in pre­
diction could be studied more thoroughly. Thirdly, the 
models could be used in an investigation of potential stabil­
ization policy measures. 
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VIII. APPENDIX 
A= International Trade in Cattle and Calves 
1. General remarks 
The purpose of this section is to decide how to treat the 
net imports of cattle in the main body of this thesis. Data 
on the international trade in cattle and calves of the United 
States are contained in publications of the United States 
Department of Agriculture (U.S.D.A., 1963c, 1963d). 
The magnitude of exports from the U.S. of various classes 
of cattle is negligible for the purposes of this study. This 
is in contrast to the magnitude of imports. Net imports of 
cattle, which are defined as gross imports minus gross ex­
ports, amounted to 3*54 percent of the total number of cattle 
slaughtered in the U.S.A. in 1962. The average for the period 
1957 through 1962 is 2.57 percent. They are smaller in most 
earlier years. 
2. Composition of imports by weight classes, 
by origin, and by time of importation 
a. Composition by weight classes Figure 8 shows that 
the number of cattle of under 200 pounds of live weight im­
ported is negligible under the stated objective of this study. 
The same holds true, especially for the last decade, of im­
ports of cattle of more than 700 pounds of live weight. The 
preponderance of cattle of 200 to 700 pounds constitutes the 
Figure 8, Composition of imports of dutiable cattle 
from Canada and Mexico, by live weight classes; 
A - under 200 pounds; B - 200 to 700 pounds ; 
C - over 700 pounds 
Figure 9. Seasonal distribution of cattle imports from 
Canada and Mexico; average for 1961 and I962 
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basis for our decision to drop from the further discussion the 
extreme weight classes. We assume that all cattle of foreign 
origin are, on the average, fed for some time before they are 
slaughtered.^ 
b. Composition by country of origin Time series on 
imports by country of origin are available only for the number 
of dutiable cattle and calves, which is equal to the total 
number of cattle and calves imported minus the number of 
breeding cattle and calves imported, and only for the period 
1952 through 1962 (U.S.D.Â., 1963d). They are plotted in 
Figure 8, From 6.44 million head of dutiable cattle imported 
in this period, 5^.2 percent came from Mexico and 45.8 per­
cent from Canada. Cattle imports from Mexico consist almost 
entirely of animals of the 200-700 pound weight class, whereas 
imports from Canada Include proportionately larger numbers of 
calves and of heavier cattle. 
c. Composition by time of importation The composi­
tion by origin of imports of cattle discussed in the last sub­
section and the time distribution of imports to be discussed 
here are two important factors that determine the average 
length of the feeding period of domestically produced slaughter 
^As pointed out, for instance, by Futrell and Stout 
(1963), U.S. cattle producers do use some of the imported cat­
tle to hasten the build-up of their herds during the expansion 
phase of the inventory cycle. However, no data are available 
on the number of imported cattle thus used. 
24? 
cattle of foreign origin. 
The distribution over time (on the average^ for the years 
1961 and 1962) of the imports of cattle from Canada and from 
Mexico is seen in Figure 9« Imports from Canada are low dur­
ing the first and the second quarter, rise sharply during the 
third quarter, and reach their peak during the fourth quarter 
of the calendar year. Hence, it may be assumed that feeder 
cattle that are imported from Canada in one year appear on the 
slaughter cattle market in the following year. Imports from 
Mexico are high during the first quarter, decrease during the 
second, reach their low during the third, and rise to a peak 
during the fourth quarter. 
Indications of the destinations of these cattle within 
the United States during the first seven months of I963 are 
given by Carpenter (I963). Texas, California, Arizona, and 
New Mexico, in that order, receive most of the cattle from 
Mexico. Washington, North Dakota, Montana, and South"Dakota 
are major receivers of cattle from Canada. Therefore, it is 
safe to assume that most cattle imported from Canada go 
directly into the feedlots of the above-mentioned states and 
appear on the slaughter cattle market during the following 
year. The case of cattle from Mexico is more involved. At 
least a large proportion of the cattle imported during the 
^The average figures were computed from U.S.D.A. data as 
presented by Carpenter (1963, p. 24). 
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first two quarters of a year are likely to be put on the pas­
tures of the ranch states and to be slaughtered during the 
same year with or without additional "finishing" in feedlots. 
Imports during the second half-year, which in the case of 
Mexico amount to about 50 percent of all imports, go first 
into feedlots and then, in the following year, on to the 
slaughter cattle market. 
3. Summary 
The available data allow us to assume that all cattle are 
imported, fed, and slaughtered in the same year or to assume 
that they are imported in one year and slaughtered in the fol­
lowing year. In view of the results of the above discussion, 
we choose to use the latter alternative. Hence, the number 
of cattle of foreign origin slaughtered in year t is equal to 
the (net) number of cattle imported in year t-1. 
B, 1962-Trend Values, Means, and Time-Regression 
Coefficients of Variables Used in this Study 
In Tables 26 and 27, we present information about the 
original variables used in this study which is necessary for 
prediction from the estimated models. 
Table 26. U.S.A.; 1962-trend values, means, and coefficients of regression on time of 
variables used in the analysis of the cattle cycle in the U.S.A. as a whole 
Variable 
1962-trend 
value 
Mean 
(1925-1962) 
Coefficient 
of regression 
on time 
^119^^)> 
xg7(t), 
yi2o(t), 
ygaft), 
(t), 
X-) pq(t). 129' 
{30 ( Ttn(t), 
—o ! 4. \ 
Inventory of all cattle and calves 
Cows and heifers kept 
Cow and heifer inventory 
Calves kept as young heifers 
Young heifer inventory 
Calves raised 
Calf inventory 
Number of calves available 
Current cattle price 
Lagged cattle price 
Current calf price 
Lagged calf price 
I'iilk price 
Lagged milk price 
Corn price 
d on rrVï 
98,67k.705 
Uv,118.360 
ii8,56U.720 
12,77k.820 
12,601.5^0 
26,677.^60 
26,012.557 
39,858.550 
22.599 
22.086 
2k.909 
2k.182 
k.6k2 
k.570 
l.k33 
26.kk2.327 
77,719.68k 
k0,379.526 
39,987.131 
9,909.158 
9,768.763 
19,k31.237 
19,038.079 
30,775.000 
13.086 
12.679 
Ik.925 
lk.k7l 
3.088 
3.039 
1.012 
18,780.368 
1,132.7039 
k72.3950 
k63.6535 
I5k.899k 
153.1236 
391.6878 
376.9989 
k91.0027 
.5ik20 
.508k8 
.5396k 
• .52k9k 
.08kO059 
.0832028 
.02273 
klk.1600 
J.^17 ' - ' 
x^3o(t). Lagged milk price 
Corn price 
720("t). Total cattle slaughter 
y^3(t). Total calf slaughter 
y3ll^(t). Live i-jeight of slaughter cattle 
o y3^(t). Live weight 'oi-ealves 
Wet imports of cattle 
Lagged net imports of cattle 
Domestic cattle slaughter 
x£Y(t), Supply of other meats 
XyyCt),' Total hay production 
x^sCt), Lagged total hay production 
Xgi(t), Production of corn 
Xg3(t), Corn supply on farms 
X0^(t), Lagged corn supply on farms 
y°(t). Gross farm incane frcm cattle 
and calves 
Total disposable income 
k.570 
1.433 
26,4^2.327 
11,220.068 
l,00L.S7k 
223.089 
6U^.32U 
578.883 
25,863.^45 
18,418.765 
121,566.000 
117,11)1.820 
3,434.783 
3,930.002 
3,838.626 
7,512.563 
329.286 
3.039 
1.012 
18,780.368 
10,152.263 
962.971 
199.092 
436.605 
406.395 
18,373.974 
13,774.298 
96,976.078 
96,183.657 
2,612.332 
2,873.232 
2,811.421 
3,572.384 
164.197 
.0832028 
.02273 
414.1600 
57.7192 
2.2483 
1.2971 
11.2821 
9.3237 
404.8363 
251.0527 
1,215.4531 
1,132.3741 
44.4569 
57.1227 
55.5246 
212.9826 
8.9237 
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Table 27» Regions I, II, and III: 1962-trend values, means, and coefficients of regression 
in three selected regions of the U.S.A. 
Western States ¥e 
Variable 
1962 
trend value 
Mean 
(1925-1963) 
Coefficient 
of regression 
on time 
1962 
trend valu« 
yii9(t); Cows and heifers kept 8,170.191 6,750.536 95.336b- 12,181.961 
Cow and heifer inventory 8,319.373 6,671.282 91.5007 12,020.626 
Calves kept as 
young heifers 
2,280.96k 1,752.128 29.3798 3,533.101 
X62^t), Young heifer inventory 2,212.192 1,726.128 28.6702 3,112.271 
yyjct), Calves raised ii,666.3lt9 3,lui.7Lk 70.2559 9,713.143 
Calf inventory 1,S13.15L 3,328.667 65.8049 9,399.795 
ypjXt), Cattle price 23.088 13.386 .539002 23.070 
lagged cattle price 22.6$1 12.989 .536733 23.209 
Calf price 22.931 15.157 .581851 25.635 
%132(t). Lamb price 21.613 II4.265 .108198 21.920 
x^33(t). Lagged lamb price 21.378 11.065 .106251 21.703 
Hog price 
- - 18.785 
xi35(t), Lagged hog price — - 18.882 
oR,.\ Xyy( t ) ,  Hay production 21,1^5.315 20,691.692 192.2569 39,221.685 
oR,^\ 
X8i(t), Corn production 2L,110.09 21,661.51 137.6983 1,575,878.20 
oR,.\ 
X92(t), Lagged corn production 23,7l8.S9 21,146.97 127.8678 1,513,526.10 
OR , ,  .  
xi3i(t). Range feed index 78.043 80.569 -.liiOli — — 
regression on time of variables used in the analysis of the cattle cycle 
West North Central States East North Central States 
1962 
brend value 
Mean 
(1925-1963) 
Coefficient 
of regression 
on time 
1962 
trend value 
Mean 
(1925-1963) 
Coefficient 
of regression 
on time 
L2,l8li.96l 10,^15.077 98.3269 7,144.511 6,652.590 27.3289 
12,020.626 10,316.231 94.6087 7,197.501 6,640.026 30.9708 
3,533.101 2,785.179 41.5512 2,216.428 1,714.410 27.8899 
3,412.271 2,7b2.llO 33.8812 2,199.506 1,690.821 23.2603 
9,713.lk3 6,943.513 153.8850 3,835.347 2,737.128 61.0121 
9,399.795 6,786.333 ]4 5.1923 3,784.724 2,683.744 61.1656 
23.070 11.022 .502672 22.427 13.575 .491818 
23.209 13.784 .523656 22.246 13.253 .499662 
25.635 15.427 .507136 25.982 16.259 .540178 
21.920 14.735 .399154 21.773 14.751 .390132 
21.703 14.548 .397508 21.592 14.569 .390209 
16.785 13.137 .313727 19.457 13.377 .337759 
18.882 12.941 .330063 19.546 13.189 .353176 
#,221.685 29,802.333 523.2974 24,340.040 19,962.718 243.1846 
5,978.20 1,150,334.23 23,641.333 1,338,660.200 905,123.92 24,085.35 
3,526.10 1,121,776.17 21,763.87 1,289,792.20 876,764.00 22,946.02 
